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1. INTRODUCTION 


The INTERCONTINENTAL MICRO SYSTEMS CORP. (ICM) CPZ-186 
single board central processor (SBCP) is a 80186 (tm) based 
computer board designed to meet or exceed the IEEE 8-100 Bus 
specification. This fourth generation computer incorporates all 
the features necessary for a complete, stand alone CP/M (tm) or 
MSDOS (tm) system and is perfect for use in multi-processor or 
multi-user /multi-tasking architectures utilizing operating 
systems such as TurboDOS (tm), MP/M (tm), OASIS (tm), ZENIX (tm), 
UNIX (tm) and CP/NET (tm). 


Features such as an independent interrupt structure, Direct 
Memory Access, a 4 Megabyte Memory Management Unit and a linearly 
addressable on-board 256Kbyte or 1 Megabyte memory coupled with 
I/O devices such as a floppy disk controller which controls 5 
1/4" or 8" drives simultaneously, a 2-port serial controller and 
a 2 1/2-port parallel controller provides the user computing 
power on a single board heretofore unmatched in the S-100 Bus 
industry. Other features incorporated are listed as follows: 


1.1. Technical Features 


[ JIEEE 696.1/D2 S-100 compliance. The CPZ-186 will interface 
with most IEEE S-100 Bus products on the market. 


_[{] RS232 Communications and Floppy Controller Personality Boards 
included. 


[] 8 MHz 80186 Operation 


[] Floppy Disk Controller (FDC) with on-chip data separator. 
Single or double density. Single or double sided simultaneous 
8" and 5-1/4" in any combination. The choice is yours, up to 
4 drives. 


[] Two synchronous (SCC) or asynchronous (ASCC) serial I/0 
channels. Both channels are programmable in interrupt or 
programmable I/O mode. One channel can be programmed in Direct 
Memory Access (DMA), interrupt, or programmable I/O mode. 


[] Two parallel I/O channels (CIO). Both channels are programma- 
ble in interrupt or programmable I/O mode. One channel can be 
programmed in Direct Memory Access (DMA), interrupt, or 
programmable I/O mode. 

[] Two channel on-chip DMA controller 


[]256K Bytes of on-board RAM, expandable to 512KB or 1 
Megabyte. 


[] Memory Management Unit (MMU). Addresses up to 4 Megabytes of 
system memory. 


Information contained herein is Proprietary to I.C.M. Corp. Pg. 2 
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[] Eighteen vectored priority interrupts. 


[]Provisions for 2K, 4K or 8K of on-board EPROM. A boot up 
function in a 4K 2732 EPROM is supplied. 


[] Software selectable baud rates. Eliminates costly, complicated 
hardware modifications to change baud rates. Up to 1 MegaBAUD 
in synchronous mode. : 


[] IBM Bisync, HDLC, SDLC and other protocols. All are handled 
through a Z8530 SCC chip. Permits communication with micro's, 
mini's or mainframes. 


[] TurboDOStm operating system available. 


[] DMA to extended memory. 


1.2. Specifications 


MICROPROCESSOR 
Clock Rate ...... 8 MHz 80186 


BUS INTERFACE...IEEE 696.1/D2 S100 


DYNAMIC RAM MEMORY 
Capacity......256K Bytes (64K x 1 DRAM's) or 
51.2KB or 1 MegaByte (256K x 1 DRAM's) 
Wait States...None 


SERIAL I/O CHANNELS 

Synchronous Operation 
Baud Rate........-Up to 921.6K BAUD 
Data Transfer....DMA, interrupt or Programmed I/0 

Asynchronous Operation 
Baud Rate.........Up to 921.6K BAUD 
Clock Rate ....++-1, 16, 32, or 64 times Baud Rate 
Bits/Character....5, 6, 7 or 8 
Stop: Bitecsseeccsals. I=tfe or 2 
Parity.c.ceecee.eee-Odd, Even or None 
Data Transfer.....DMA, Interrupt or Programmed I/0 
I/O Interface.....Through Personality Boards 


PARALLEL I/O CHANNELS 
DATA RATE. ....ccccccceaeeeUp to 500 KBytes/Sec 
Channel A Data Transfer...Interrupt, DMA or Programmed I/0 
Channel B Data Transfer...Interrupt or Programmed I/0 
Interface Signals....... -16DataLines Plus 4Handshaking Lines 
I/O Interface.............Through Personality Boards 
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FLOPPY DISK CONTROLLER 
Data Rate/8-inch Single-Density.......250,000 Bits/Sec 
Data Rate/8-inch Double-Density......+.500,000 Bits/Sec 
Data Rate/5-1/4-inch Single-Density...125,000 Bits/Sec 
Data Rate/5-1/4-inch Double-Density...250,000 Bits/Sec 
Format.cossoeessoeeelBM 3740 or 512 x 16 Sectors 
Data Transfer.......DMA, Interrupt or Programmed I/0 
I/O Interface.......Through Personality Boards 


INTERRUPT CONTROL 
Number of Channels....18 
PriorityecccccceceseesROtating or Fixed 
Interrupt Mode........Master Cascade 


REAL-TIME CLOCK 
Operation....Software Polled or Interrupt Driven 
Range.....2+.37-5 HZ to 921.6 KHz 


DIRECT MEMORY ACCESS CONTROLLER 
Channel 0.....Floppy Disk Controller 
Channel 1...-.-Channel A of ASCC Controller or Channel A 
of CIO Controller 
Memory-to-—Memory utilizes both Channel O and 1 


DIRECT EXTERNAL MEMORY TRANSFERS 
To/From ASCC (SCC), CIO, FDC or Memory 


EPROM 
TYP@oeececccee2716 2K, 2732 4K (standard), or 2764 8K 
Wait States...Three 
Function.....-Boot up 


POWER REQUIREMENTS 
Voltages...+8 VDC @ 3.0A (max) 
+16 VDC @ 0.2A (max) 
-16 VDC @ 0.2A (max) 
Poweresseee30.4W (max) 


OPERATING ENVIRONMENT 
Temperature...ececeeeO to 45 Degrees Celsius 
Relative Humidity...0 to 95% 


CONSTRUCTION 
Circuit Board...Four Layer Glass Epoxy, Soldermask over copper 
All IC's in sockets ; 
Connectors.....--Shrouded for Protection 
TESTING........-Completely tested and 24 hour burn-in 
WARRANTY.....One Year Warranty (Parts and Labor) 
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TECHNICAL FEATURES 


0 IEEE 696.1/02 S-100 compliance. The 
CPZ-186 will interface with most IEEE 
$-100 Bus products on the market 

© RS232 Communications and floppy controller 
Personality Boards included 

[) 8MHz 80186 Operation 

(1 Floppy Disk Controller (FDC) with on-chip 
data separator. Single or double density. 
Simultaneous 8” and 5%” in any 
combination The choice is yours, up to 4 
drives. 

Cj Two synchronous (SCC) or asynchronous 
(ASCC) serial /O channels. One channei can 
be programmed in Direct Memory Access 
(DMA), interrupt, or programmable 1/0 mode 

CO Two parallel /O0 channels (C10). Both 
channeis are programmable in interrupt or 
programmable 1/0 mode. 

C Two channel on-chip DMA controller. 

(J 256K Bytes of on-board RAM, expandable to 
512KB or 1 Megabyte 

CO Memory Management Unit (MMA). 
Addresses up to 4 megabytes of system 
memory. ; 

C Eighteen vectored priority interrupts. 

O Provisions for 2K, 4K or 8K of on-board 
EPROM. A boot up function in a 4K 2732 
EPROM is supplied 

C] Software selectable baud rates. Eliminates 
costly, complicated hardware modifications 
to change baud rates Up to 1 MegaBAUD in 
synchronous mode. 

CO IBM Bisync, HDLC, SDLC and other 
protocols. All are handled through a Z8530 
SCC chip. Permits communication with 
micro’s, minis or mainframes. 

© TurboDOS™ operating system available 

O DMA to extended memory. 


Specifications 
MICROPROCESSOR 
Clock Rate.................000. 8 MHz 80186 
BUS INTERFACE............ IEEE 696.1/D2 S100 
DYNAMIC RAM MEMORY 
Capacity 256K Bytes (64K x 1 BRAM's) or 
512KB or 1 MegaByte (256K x 1 DRAM's) 
Wailt:States:... cc-cg.sace ane vee vert None 


SERIAL 1/0 CHANNELS 
Synchronous Operation 
Baud Rate.............. UP to 921.6K BAUD 
Date Transfer............... OMA, interrupt or 
Programmed 0 
Asynchronous Operation 


Baud Rate............... Up to 921.6K BAUD 
Clock Rate............. 1, 16, 32, or 64 times 
Baud Rate 
Bits/Character................... 5,6, 7 or 8 
Stop Bits................ 0c eae 1,1% or2 
Party 3:2, eiveteeresn neat ave lee Odd, Even or None 
Date Transfer.............. DMA, interrupt or 
Programmed V0 
VO Interface....... Through Personality Boards 
PARALLEL 1/0 CHANNELS 
DATA RATE......... ..... Up to 500 KBytes/Sec 
Channel A Data Transfer............. Interrupt or 
Programmed 0 
Channel B Data Transfer............. Interrupt or 
Programmed 1/0 : ; 
Interface Signals............ 16 DataLines Pius 4 
Handshaking Lines 
VO Interface......... Through Personality Boards 


FLOPPY DISK CONTROLLER 
Data Rate/8-inch Single-Density............... 
250,000 Bits/Sec 
Data Rate/8-inch Double-Density............... 
500,000 Bits/Sec 
Data Rate/5%-inch Single Density.............. 
125,000 Bits/Sec 
Data Rate/5%-inch Double-Density............. 
250,000 Bits/Sec 


Format.......... IBM 3740 or 512 x 16 Sectors 
Data Transfer................ OMA, Interrupt or 

Programmed 1/0 
VO Interface ......... Through Personality Boards 
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INTERRUPT CONTROL 
Number of Channels.................0.2005 18 
Priority... 0.2... eee Rotating or Fixed 
Interrupt Mode................. Master Cascade 
REAL-TIME CLOCK 
Operation...... Software Polled or Interrupt Driven 
Range..c0 cacti dees 37.5 Hz to 921.6 KHz 
DIRECT MEMORY ACCESS CONTROLLER 
Channel O.........-.02.. Floppy Disk Controller 
Channel1....... Channel A of ASCC Controlier or 


Channel A of CIO Controtler 
Memory-to- Memory utilizes both Channel 0 and 1 


DIRECT EXTERNAL MEMORY TRANSFERS 
To/From ASCC (SCC), C10, FOC or Memory 


EPROM 
Type....-.....08. 2716 2K, 2732 4K (standard), 
or 2764 8K 
Wait: Statess.:. 2 cccx credence ee Three 
Function... 0.0... 00. -eeeeeeeeeee Boot up 
POWER REQUIREMENTS 
Voltages ............06. +8 VDC @ 3.0A (max) 
+16 VOC @ 0.2A (max) 
—16 VDC @ 0.2A (max) 
POWER ascii pS eoes sees Sed ea eratoeda 30.4 W (max) 
OPERATING ENVIRONMENT 
Temperature...........- 0 to 45 Degrees Celsius 
Relative Humidity ................... 0 to 95% 
CONSTRUCTION 
Circuit Board........... Four Layer Glass Epoxy, 


Soldermask over copper 
All [C's in sockets 


Connectors.............. Shrouded for Protection 

TESTING ......... Completely tested and 24 hour 

burn-in 

WARRANTY........ One Year Warranty (Parts and 
Labor 
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LEGEND 


CPZ- Master Processor - 8-Bit (16-Bit, 4th Qtr 84) 


GPS- Stave Processor - 8-Bit or 16-Bit 


WS80 - 8-Bit Workstation 


WS16 - 16-Bit Workstation 


XXX-100 - Personality Boards 


LAN PC - PC Arcnet/ Memory Board 


LAN S100 - $100 Bus Arcnet Board 


f ~T 
Optional Peripheral 
| Can be shared by all users. 
tL __ CPZ 
ACTIVE OR PASSIVE 
ARCNET HUB 
<< —- —» Coax Cable 
Arcnet link 
BASIC 
SHARED 
PERIPHERALS [- =a 
modem [ 
LL ath 
Parallel : 
printer CPI 100 
MP&-100 
ay 


ia 
serial 
printer APB 100 


CPZ 
Serial 
3x3” 
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BOARDS 


(see back for description) 


CPS? 
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Floppy. Tape 
Hard Disk SAS 100, [> 
rt i tL 4 
’ ’ 
~™ 
Serial & Peratiei 
Peripherals 
— 
Floppy, Tape 
Hard Disk 


(SAME CONFIGURATION AS BELOW) 
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board 1 board 4 
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INTERCONTINENTAL MICRO SYSTEMS 
TurboLAN NETWORK ARCHITECTURE 


ICM’s revolutionary TurboLAN, multi-user architecture uses the sophisticated, cost effective 
TurboDOS Operating System. TurboLAN provides the flexibility of building multi-user systems 
with S-100 BUS Structured Networks and ARCnet protocol Local Area Networks. TurboLAN 
offers: 


(A) Ability to network S-100 Bus Systems, IBM-PC’s. PC Compatibles, ICM’s WS80 & WS16 
Workstations, and other computers with ARCnet capability 

(B) Requires a Master Processor/File Server such as !CM’s CPZ-4800X SBC 

(C) Upto 400 users per network with 255 nodes per network segment 

(D) Network self configures and efficiency increases as nodes are added 

(E) Upto 40 miles between processors (Active Hub) or 2300 FT (Passive Hub) 

(F) 2.5 MBIT/SEC data transfers across S-100 BUS, Coax cable, or twisted pair 


TURBODOS OPERATING SYSTEM 


TurboDOS is a true multi-user Operating System because it was designed from its beginnings to 
handle multiple computers running simultaneously on one or more networks. Each user is 
assigned an individual PC of aterminal attached to a Single Board Computer/Processor. This PC 
or individual processor is called a Slave Processor in the TurboDOS architecture and acts 
independently of all slaves on the network A Master Processor, also known as a File Server, 
controls the network by downloading the operating system to each siave. The Master also 
downloads system files and orchestrates the use of all common peripherals. With its modular 
architecture, TurboDOS can increase the number of users or add peripherals on the networkwith 
a general software command that “links and patches”. TurboDOS is the most sophisticated, yet 
cost effective Multi-user operating system available today. It offers FEATURES such as: 


(1) Compatible with many OS's Application Software: CP/M, CP/M-86, PC-DOS, MS-DOS. 
MP/M, MP/M 86, CP.M PLUS, CONCURRENT CP/M 86 

(2) Ability to mix Z-80, 8-bit; and 8086, 16-bit families of processors. 

(3) Flexibility to build Bus Structured (Tightly Coupled) Networks and Local Area (Loosely 
Coupled) Networks using ICM’s TurboLAN. 

(4) Record and File Locking with File Sharing among multiple users 

(5) Typically300% faster than CP/M, MP/M, Oasis or similar multi-user, single processor, multi- 
tasking OS’s 

(6) 16 Logical Disk Drives per Master Processor/File Server 

(7) Upto 1000 MB per drive and 134 MB per file 

(8) 32 user areas (file libraries) on each disk 

(9) 25% to 30% more floppy disk capacity 

(10) Each user can independently STOP, RESUME of ABORT a program | 

(11) Sharing of costly peripherals and disk drives 

(12) Read after Write verification of Floppy Disks and Hard Disks 

(13) Logon/Logoff & Privileged/Non-privileged Security 

(14) Background processing & Archival Back-up of files 

(15) Queueing of multiple tasks- processing or printing 

(16) Automatic Print Spooling 

(17) Each individual TurboDOS OS has4 Circuit Drivers with255 nodes(slaves) per circuit driver 
= 1020 users per OS 

(18) Multiple File Servers can be linked together with ICM’s TurboLAN drivers— peckeneely no 
limit to the number of users on a single network 
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2. FUNCTIONAL DESCRIPTION 


The CPZ-186 is functionally partitioned into the following major 
groups: 


- INPUT/OUTPUT STRUCTURE 
- OFF-BOARD PERIPHERAL CONTROLLERS 
- SERIAL I/O PORT CONTROL 
- PARALLEL I/O PORT CONTROL 
- FLOPPY DISK CONTROL 
- ON-BOARD PERIPHERAL CONTROLLERS 
- DMA CONTROL 
- INTERRUPT CONTROL 
~- MEMORY MANAGEMENT UNIT 
256 KBYTE OR 1 MEGABYTE DYNAMIC RAM/LOGIC 
2/4/8 KBYTE EPROM 
INPUT/OUTPUT CHIP SELECT LOGIC 
CPU CONTROL SIGNALS GENERATOR 
CLOCK GENERATOR 
POWER-ON CLEAR/RESET LOGIC 
S-100 BUS INTERFACE 


Each group is described below to give the user a clear 
understanding of the hardware and software setup options and to 
give a full appreciation of the computing power available to the 
user. <A block diagram is included in the following page. 


2.1. Input/Output Structure 


As a point of reference, an 1/0 device is defined as a device 
which, under program control of the 80186 CPU, controls a 
peripheral device or memory. 


The I/O devices contained on the CPZ-186 consist of: 


- 8531 ASCC (Serial Port Controller, SCC Optional) 
- 8536 CIO (Parallel Port Controller, CIO) 

- WD2793 (Floppy Disk Controller, FDC) 

- 8259A (Universal Interrupt Controller, UIC) 

- 74LS670 (Memory Management Unit, MMU) 


Of these, the first three are used to communicate with off- 
board peripheral devices and will be referred to as the "OFF-~ 
BOARD" peripheral I/O controllers. The remaining are "ON-BOARD" 
I/O controllers. 
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Programmed I/0, Interrupt or Direct Memory Access (DMA) is 
possible to/from SCC port A, CIO port A and the FDC. No DMA is 
possible for SCC port B or CIO port B. The 80186 HOLD input line 
is assigned to the S-100 Bus DMA request line to allow temporary 
bus masters to capture the bus for DMA transfers to off-board 
memory. Fixed priority selection allows arbitration between 
internal DMA and external DMA requests from the S-100 Bus. Fixed 
priority gives the S-100 Bus the highest priority and the SCC or 
CIO ports, the lowest. The priority level of the Floppy port 
versus the SCC or CIO ports may be defined under software 
control. Thus, 


DEVICE PRIORITY 
5-100 Bus. 1 High 
FDC 2 or 3 (under sftwr center 
scc or CIO 2 or 3 (under sftwr control 


The CPZ-186 I/0 PortAddress assignments are as follows: 


0001 - FFFF Available for External Use 
(except as noted below) 

0002 Reserved for Internal Use 
0004 Reserved for Internal Use 
0006 Reserved for Internal Use 
0008 Reserved for Internal Use 

OOF8 - 7FFF Unavailable 

8000 - FFFF Available for External Use 


f A BL &E 2-1: I/O Port Address Assignments 
Please refer to the SOFTWARE Section of this manual for further 
explanation. 
2.1.1. Off-Board I/O Controllers 
The Off-Board I/0 Controllers consist of the Serial I/0 Port 
Control, Parallel I/O Port Control and the Floppy Disk Control. 
2.1.1.1. Serial I/O Port Control 
The Serial .I1/0 Port Control consists of the Serial. 1/0 
Controller and the Baud Rate Clock Generator. 
2.1.1.2. Serial I/O Controller 
The Serial I/O (SCC) Controller is a programmable dual 
channel device which provides formatting for serial data 
communications. The channels can handle either asynchronous or 


synchronous data transfers to/from serial peripheral devices. 
The SCC operates either under programmed I/0, Interrupt Control 
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or DMA control. DMA is provided for Port A only. All lines 
necessary to handle asynchronous, synchronous, synchronous bit 
oriented protocols and other serial protocols are available to 
the user at the interface connectors. In addition, +/- 16 volt 
DC and +5 volt DC power are available at these connectors. The 
SCC may be interfaced to peripheral devices requiring differing 
protocols. This interface is tailored to the exact device 
requirements by use of a Personality Module. The interface is 
implemented through two 16-pin Header connectors. 


To program the ASCC or SCC the system software issues 
commands to initiate the mode of operation. Write registers 
exist for that purpose. In addition, read registers allow the 
programmer to read the status of each channel. 


2.1.1.3. Baud Rate Clock Generator 


The Baud Rate Clock Generator consists of a 1.8432 Mhz clock 
generator and an internal 80186 interval timer. The internal 
timer can, under software control, generate variable clock 
periods which are a multiple of the base input clock. 


Two 80186 timer outputs are used to provide the SCC ports 
with a Baud Rate Clock. Channels O and 1 of the SCC are connected 
to these clock sources via jumper options PJA and PJB. These 
Signals are also tied to the serial interface connectors. If 
clock signals are originated by the interfacing devices, the 
jumpers are cut appropriately. The jumpers provide for separate 
transmit and receive clock inputs from the interface connectors, 
J2 & J3, or may serve as baud rate generator outputs to the 
interface. This arrangement is intended to provide a clock to 
synchronous MODEM's via "external" clock in accordance with the 
EIA RS-232C standards. The modem can then return a 
transmit/receive clock to the serial controller. In summary, 
means are provided to implement serial interfaces accommodating 
asynchronous, synchronous, HDLC and a great number of currently 
defined communications protocols. 
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The Baud rates that can be derived from the 1.8432 Megahertz 
clock are listed as follows: 


Baud Rate Theoretical Frequency (16 x clock) 


50 0.8 kiloHertz 
75 1.2 kiloHertz 
110 1.76 kiloHertz 
134.5 2.152 kiloHertz 
150 2-4 kiloHertz 
500 4.8 kiloHertz 
600 9.6 kiloHertz 
1200 19.2 kiloHertz 
1800 28.8 kiloHertz 
2000 32.0 kiloHertz 
2400 38.4 kiloHertz 
3600 57.6 kiloHertz 
4800 76.8 kiloHertz 
7200 115.2 kiloHertz 
9600 153.6 kiloHertz 
19200 307.2 kiloHertz 


TABLE 2-2: Baud Rate Table 
2.1.1.4. Parallel I/O Port Control Interface 


The parallel I/O Port Control Interface consists of the 
Parallel I/O Controller (CIO). The Parallel I/O Controller is a 
programmable two-port LSI component, which interfaces peripheral 
devices to the 80186 microprocessor. The CIO provides data 
transfer to and from peripheral devices under programmed I/0, 
interrupt control or DMA control. Handshaking data transfer 
control lines are provided to the interface in addition to the 
two eight-bit data ports. The CPU reset line and the CPU clock 
are also connected to this interface. The CIO is flexible and 
may be connected to peripheral devices requiring differing 
protocols. 


The interface is tailored to the exact device requirements 
by use of a "Personality Module". The Personality Module is a 
small external circuit board which connects to the CPZ-186 to 
provide the hardware drivers and receivers, logic and other 
circuitry as required. Refer to Personality Board Users Guide 
Section for a description of the parallel Personality Modules 
currently available. 


An interrupt line is brought into the interface to give the 


user the capability of servicing interrupts. The interface is 
implemented through a 26-pin Header connector. 
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To program the CIO, the system software issues commands to 
initialize the mode of operation. Initialization is provided by 
loading the interrupt vector, mode, I/O and interrupt control 
registers. 


2.1.1.5. Floppy Disk Controller (FDC) 


The CPZ-186 uses the Western Digital WD2793 Floppy Disk 
Controller plus descrete support circuitry as the basis for the 
controller. A reliable phase-lock-loop circuit is implemented 
giving the user error free disk operation. Up to four 8-inch, 
four 5 1/4-inch or any combination of four 8 or 5 1/4-inch Floppy 
Disk drives may be connected. A mix of single- or double-sided 
drives and of single- or double-density drives may be 
interconnected. Any combination of single/double sided and 
single/double density drives may be connected. 


The FDC is connected to the drives via Personality boards 
FPB1OO-XY or FPB158-XY and adaptor boards FPB1OO-XY or FPB158-XY 
The FPB158-30 accommodates both 5 1/4 and 8-inch drives by 
providing means to connect a 54 pin edge card connector for 5 
1/4-inch drives and a 50 pin box connector for 8-inch drives. The 
FPBi00-11 adapts 8-inch drives only and the FPB100-22 adapts 5 
1/4-inch drives only. This technique greatly reduces the overall 
cost of interfacing to floppy drives. With a low cost 
personality board and even lower cost adaptor, the user may 
connect the drive configuration fitting their particular needs. 


See the "PERSONALITY BOARD USERS GUIDE" section for 
clarification on the use of the Floppy Personality boards 
discussed above. 


2.1.2. ON-BOARD I/0 CONTROLLERS 


The On-Board I/O controllers consist of the DMA Controller, 
Interrupt Control Logic and the Memory Management Unit. 


2e1.-2-1-. DMA Controller 


The DMA Controller is internal to the 80186 and consists of 
logic designed to allow external peripheral devices to transfer 
data directly to and from the on-board system memory. The use of 
this data transfer technique greatly enhances the system data 
throughput because the 80186 microprocessor CPU core does not 
have to deal directly with the transfers, and is free to perform 
other computing functions. 
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2.1.2.2. DMA Operations 


The 80186 DMA Logic enables the programmer to free the CPU 
from the repetitive task of controlling data block transfers by 
providing hardware control over such operations. For example, 
the programmer may specify that a data block of "X" number of 
bytes contained in system memory starting at location "Y" is to 
be transferred. The programmer may further specify that at the 
end of said transfer an interrupt is to be generated (perhaps to 
initiate a subsequent transfer, or to determine the peripheral 
device status prior to initiating a subsequent transfer). 
Alternately, the programmer may wish to automatically re- 
initialize the data block transfer. Once the software command is 
transmitted to the DMA’ logic, it performs all of the indicated 
actions without further supervision from the 80186 
CPU core. In all cases, the user of the CPZ~186 has full control 
over these parameters and events. Once the DMA transfer has 
begun (also enabled under software control), the CPU may then be 
used for other processing or for controlling other peripheral 
data transfers in a similar manner. 


The DMA Control channels may be operated in either byte or 
word transfer mode. DMA transfers can occur between memory and 
I/O or between memory and memory. This means that in executing 
memory-to-memory transfers, DMA transfers can occur from on-board 
memory to off-board memory or from the I/0 controllers to off- 
board memory. The transfer rate is 2 megabytes/sec. with DMA 
operating in burst mode. 


2.1.2.3. DMA Channel Assignments 


The CPZ-186 provides three channels of DMA. Channel O is 
dedicated to the S-100 Bus pHOLD line, channel 1 to the FDC 
Data Request Line and channel 2 to the SIO serial data channel A 
or channel A of the CIO parallel I/0 port. The 80186 HOLD input 
line is assigned to the 5-100 Bus DMA request line to allow 
temporary bus masters to capture the bus for DMA transfers to 
off-board memory. Fixed priority selection allows arbitration 
between internal DMA and external DMA requests from the S-100 
Bus. Fixed priority gives the 8-100 Bus the highest priority and 
the SCC or CIO ports, the lowest. The priority level of the 
Floppy port versus the SCC or CIO ports may be defined under 
software control. Thus, 


DEVICE PRIORITY 
S-100 Bus . 1 High 
FDC: 2 or 3 (under sftwr control) 
scc or CIO 2 or 3 (under sftwr control) 
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A memory-to-memory block transfer feature is provided which 
enables the user to transfer blocks of data from a source area of 
memory to a destination area of memory with an overall throughput 
increase of 5 times that available using Z80 (4 Mhz) block moves. 
Further, programming overhead is reduced in that the CPU need 
only initiate the DMA device and enable the DMA transfer. The 
CPU may then execute other code if so desired. 


Combining DMA with the Memory Management Unit (MMU), a block 
of memory may be transferred from the on-board system memory to 
off-board system memory and vice-versa at DMA speeds. 
Additionally, FDC, SCC or CIO data may be transfered directly to 
off-board memory and vice-versa at DMA speeds. The MMU is loaded 
with appropriate address translation information. When the DMA 
transfers data to addresses translated by the MMU, the data is 
directed to the off-board memory. Memory-to-memory transfers 
within the on-board memory may also be made. While the 80186 
executes block move transfers at 16 clock cycles per byte, the 
memory-to-memory function of the DMA controller will move a byte 
in 8 clock cycles, or 2 times faster. 


The S~100 Bus channel (channel 0) is normally operated in 
"CASCADE" mode. The DMA Controller simply isolates the CPZ-186 
from the 5-100 Bus while the off-board DMA transfer occurs. The 
power of this technique is that any number of DMA type devices 
may reside on the S-100 Bus limited only by system data 
throughput considerations. 


During power-up or reset, the DMA Controller is cleared to a 
state in which the Start/Stop bit for each channel will be set to 
STOP. Also, any transfer in progress is aborted. 


Refer to the 80186 Data sheets for a detailed description of 
the DMA section. 


2.1.2.4. Interrupt Control Logic 


The interrupt control logic gives the CPZ-186 user the power 
to respond to the maskable interrupt (INT*) allowing the user a 
short form indirect call to any memory location within the 
80186's address space. 


2.1.2.5. Interrupt Controller/Select 


The CPZ-186 interrupt controller consists of the 8259A 
Programmable Interrupt Controller. This is a LSI device which 
provides up to eight maskable interrupt request inputs. Upon 
receipt of an unmasked interrupt request, a byte of previously 
stored information is output to the data bus. This enables the 
CPU to process interrupt service routines by executing indirect 
jumps to those service routines. Expansion to the interrupt 
structure is provided by a priority technique in which enable 
in/enable out signals are connected in series ("daisy-chained"). 
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The 8259A interrupt output is connected to Interrupt Channel 
1 input‘of the 80186. The SCC and the CIO interrupt outputs are 
connected to channel O of the 80186 thus giving the SCC and CIO 
interrupts higher priority over the interrupts connected to the 
8259A Controller. The higher priority interrupting device's 
enable input is set to logical ONE by permanently connecting it 
to a pull-up resistor. The SCC enable input line is pulled up to 
a logical ONE, its enable output line is tied to the enable input 
line of the CIO. The enable input line of the 8259A is pulled up. 
The eight interrupting channels are serviced on a fixed or 
rotating basis. Within the SCC, priority is fixed, Channel A is 
assigned a higher priority than Channel B. The receiver, 
transmitter, and external status are assigned priority in that 
order within each channel. Similarly, interrupt priority for the 
CIO is fixed, with Port A having higher priority than Port B. 

During Interupt Acknowlege 0, the SCC or CIO will place its 
interrupt onto the data bus. During Interupt Acknowledge 1, the 
8259A will place iits interrupt vectory onto the data bus. 


In summary, the CPZ-186 interrupt priority daisy chain is as 
follows: 


Priority Device 
| SCC channel A receiver 
2 SCC channel A transmitter 
3 SCC channel A external status 
4 SCC channel B receiver 
5 SCC channel B transmitter 
6 SCC channel B external status 
7 CIO port A 
8 CIO port B 
9-16 8259A inputs (fixed or rotating) 
17=nn S-100 Bus interrupt device(s) 


TABLE 2-3: Interrupt Priority Daisy Chain 


NOTE: Any I/0 device in the S-100 Bus which uses the INT* line 
must use this priority chain scheme and must supply its own 
vector. The INT* signal must be connected to interupt 7 of the 
8259A by jumpering B2 to C2 of block JB. The 8259A must be 
programmed so that the IR7 input has a slave. The I/O device must 
connect to the PCHAIN (Priority enable output Line, pin 21 of the 
S-100 Bus). 


Information contained herein is Proprietary to I.C.M. Corp. Pg. 12 


CPZ-186 CPU Manual Manual Revision 1.1 of 3/2/25 


An additional feature of the CPZ-186 is that data transfers 
from the peripheral devices may be handled ina polled mode. This 
requires that the 8259A device be programmed for polled mode and 
the status register interrogated for the occurrence of the 
interrupt source signal. In polled mode no interrupts are 
generated, but the status signal indicating the occurrence of an 
event remains active. Having detected that occurrence, the 
remaining status is then interrogated to determine which of the 
eighteen events occurred. 


Jumper options allow the user to choose among twelve S-100 
Bus interrupt signals (VIO* to V17*, INT*, PWRFAIL*, NMI* and 
ERROR*), as well as two internally generated interrupt signals, 
FINT* and PINT* corresponding to the FDC interrupt and the 
parallel port interrupt. Four spare inputs are provided. The user 
selects eight of these signals to be inputs to the Interrupt 
Controller. 


Signal Source 


VIO*-V17* S-100 Bus 


FINT* FDC Interrupt 
SERR* S-100 BUS ERROR 
PINT* Parallel port interrupt 


The S-100 Bus signal INT* is connected to the 8259A'S 
interrupt input 7 via jumper JB b2-to-c2. 


The CPU's non-maskable interrupt line (INMI) may be selected 
to respond to signals on the S-100 Bus NMI* or PWRFAIL* line. 
Also, it may be left in its factory set default condition where 
it is permanently disabled. All of these options are implemented 
by use of jumper plugs. 


2.1.2.6. MEMORY MANAGEMENT UNIT 


The Memory Management Unit (MMU) consists of a 74LS670 4x4 
Register File used as a memory mapping device plus associated 
logic to expand the 80186 20-bit address to 22 bits, increasing 
the addressing capability of the CPZ-186 from 1 Megabytes to 4 
Megabytes. Two modes of operation are possible. These are the 
"PASS" and "MAP" modes. Bits A18 and A19 of the 80186 are input 
to the 74LS670. These bits address one of four 4-bit registers, 
the outputs of which are output on the address bus. In pass 
mode, the 80186's A18 and A19 address bits merely pass through 
the 7418670 to the corresponding 74LS670 address outputs. The 
remaining 4 bits of extended address lines are forced to logic 
ZeTO. In map mode, the contents of the addressed mapping 
register are output on the address bus. This technique proves to 
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be quite powerful since the extended address lines A20O and A21 
appear on the bus dynamically. Address bits A22 and A235 are 
always at logic O level. This gives a total of 4 active bits of 
extended address constituting a "PAGE" address. The remaining 18 
lower order address lines address the locations within each page. 
A "PAGE" consists of 256 Kbytes. There are sixteen 256 Kbyte 
pages to give a total of 4 megabytes of storage. 


The Memory Management Unit allows the user to map any 
logical 256K block of memory to any physical 256K block within 
the 4 megabyte range. Thus, several programs or "TASKS" can 
share one main program by changing logical 256K block addresses. 


2.2. 256 Kbyte/1 Megabyte Dynamic RAM/Controller 


The 256 Kbyte/1 Megabyte Dynamic RAM consist of sixteen 64K- 
by-one-bit or 256K-by-one-bit Dynamic RAM's and the 4500A Dynamic 
RAM Controller. 


Internal RAM Controller logic provides effective refresh 
techniques suitable for 80186 and S-100 Bus operations. The 4500A 
multiplexes 16-bit address lines (A1 through A16) to the RAM's. 
External logic multiplexes address lines A17 and A18 for the 9th 
multiplexed line required for 256 Kbyte RAM chip operation. A 
RAS/CAS/REFRESH circuit generates the required timing for the 
proper reading, writing and refresh operations of the RAM. RAM 
enable logic is provided to disable the on-board RAM when off- 
board RAM is addressed. 


During cold-start boot-up, the first function is to open up a 4 
or 8 Kbyte memory space for the boot-up EPROM. Next the EPROM 
contents is moved and executed. After boot-up, the EPROM. is 
turned off and the full linear address of 1 megabyte becomes 
available. 


2.3. 2K/4K/8K EPROM 


The CPZ-186 may accommodate either a 2K (2716), 4K (2732) or 
8K (2764) EPROM. A jumper (jumper PJJ) is made available to 
select either of the three EPROM types. The EPROM functions as 
both a boot-up and a monitor PROM. As a boot-up PROM, the EPROM 
contains the software routines necessary to manipulate the EPROM 
address and Deselect Circuitry and to load the required Disk 
Operating System contained on Floppy Disk Drive diskettes.. The 
EPROM also contains monitor routines which are discussed in the 
SOFTWARE/PROM MONITOR sections. 
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2.4. I/0 Chip Selects 


The 80186 CPU generates the "chip select" signals for the 
Scc, C10, Interrupt Controller, FDC, Memory Management Unit 
(MMU), Boot/Monitor Enable, Memory Deselect Logic, and the FDC 
Configuration Register. 


2.5 POWER-—ON CLEAR/RESET LOGIC 
‘ This logic provides reset signals to the CPU as well as to 
the S-100 Bus interface. The logic is activated under two 


conditions, when power is first applied to the board, and when 
the S-100 Bus signal RESET* is activated. 


Signals asserted upon applying power are: 


a. S-100 Bus signals POC*, RESET*, and SLAVE CLR* 
b. Internal CPZ-186 reset 


Signals asserted when RESET* is asserted are: 


a. S-100 Bus signal SLAVE CLR* 
b. Internal CPZ-186 reset 
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2.6. CLOCK GENERATOR 


The 80186 CPU generates an 8 Mhz clock based on a 16 Mhz 
erystal connected to its inputs. The clock generator divides the 
8 Megahertz clock signal to provide the internal CPZ-186 clock 
(8MHZ) and the S-100 Bus clocks (0 and CLOCK). These clock 
signals are utilized to implement S-i100 Bus signals in 
conformance with the IEEE standard for the S-100 Bus on a well- 
defined, clocked-logic basis. 


2.7- S-100 BUS CONTROL SIGNALS GENERATOR 


The S-100 Bus Control Signals Generator consists of the 
logic necessary to. generate key 5-100 Bus signals such as pSYNC, 
pSTVAL*, pWR*, pDBIN, pHLDA, sOUT, sM1, sINP, sMEMR, sHLTA, 
sINTA, sXTRQ and sWO. 


The S100 Bus signal, SWO, may be output from the CPZ-186 so 
that the timing is in conformance with the write signal directly 
out of the 80186 CPU (pulsed mode) or with the timing in an NRZ 
form (latched mode). The CPZ-186 is factory configured for pulsed 
mode. dumper PJL is provided to select the mode. 


The 8100 Bus signal, SMEMR, may be output from the CPZ-186 
so that the timing is in conformance with the read signal 
directly out of the 80186 CPU (pulsed mode) or with the timing in 
an NRZ form (latched mode). The CPZ-186 is factory configured for 
pulsed mode. Jumper PJM is provided to select the mode. 
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2.8. S-100 Bus Interface 


The 8-100 Bus consists of 100 electrical signal lines. 
These are grouped into sets of lines used to transmit data and 
control among interconnected devices. 


The groups are: 


Group No. of Lines 
Address Bus 24 
Input Data Bus: 8 
Output Data Bus 
Status Bus 
Control Input Bus 
Control Output Bus 
DMA Control Bus 
Vectored Interrupt Bus 
Utility Bus 
System Power 
Manufacturer specified lines 
Reserved lines 


WOO © OM AW OO 


Devices connected on the bus are classified as either bus 
masters or bus slaves and as either permanent or temporary 
Masters. The CPZ-186 is a permanent bus master. Any other 
master connected to the 8-100 bus may take control of the bus by 
making the appropriate DMA request provided no internal DMA by 
the SCC, FDC, or CIO is in progress. The S-100 Bus DMA request 
will be honored first if simultaneous DMA requests occur. 


Each of the S-100 Bus signals utilized by the CPZ-186 are 
described on the following pages. 
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2.8.1. Address Bus 


The address bus consists of 24 lines used to select a memory 
location or an input/output device during a bus cycle. All but 
A22 and A23 of the 24 address lines are active during a memory 
read, write or opcode fetch (M1) cycle unless the Memory 
Management Unit has been programmed for pass mode in which case 
the uppermost 4 bits (A20-A23) are forced to logic zero. The 
least significant byte of the address lines is active for input 
or output cycles. Address bus lines are enabled while ADSB* is 
inactive (no S-100 Bus DMA cycle in progress). The address bus 
lines are denoted as AO through A23, with line AO representing 
the least significant bit. Lines AO through A7 compromise the 
least significant byte and lines A8 through A15 make up the 
"high" address byte with bits A16 through A23 constituting the 
extended address byte. Two octal-drivers and the Memory 
Management Unit are used to condition the lines in conformance 
with the characteristics required by the IEEE 8-100 Bus standard. 


2.8.2. Input Data Bus 


There are eight input data lines (DIO-DI7) which are treated 
strictly as input when the CPZ-186 communicates with an 8 bit 
bus device. If a 16 bit bus device communicates with the CPZ-186, 
the Output Data Bus (DOO-DO7), which also consists of 8 bits, 
doubles up as an input bus to give a total of 16 data bits for 
input. The input data bus is enabled onto the CPZ-186 under the 
following conditions: 


1. AN EXTERNAL I/O CYCLE IS INITIATED. 

2. AN EXTERNAL MEMORY CYCLE IS INITIATED. 

3. AN EXTERNAL DEVICE INTERRUPTS THE CPU AND PLACES A VECTOR 
ON THE DATA BUS. 


2.8.3. Output Data Bus 


There are eight data output lines (DOO-DO7) which are 
enabled by the signal DODSB*. A line driver conditions these 
lines to conform with the IEEE S-100 Bus standard. These 8 data 
lines are treated strictly as output when the CPZ-186 
communicates with an 8 bit bus device. If a 16 bit bus device 
communicates with the CPZ-186, the Input Data Bus (DIO-DI7), 
which also consists of 8 bits, doubles up as an output bus to 
give a total of 16 data bits for output. 
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2.8.4. Status Bus 


The status bus consists of seven output lines which define 
the current CPU bus cycle type. These lines are enabled while the 
enabling signal SDSB* is inactive. An eight line, sXTRQ, is 
output when the CPZ-186 is requesting 16 bit data transfers on 
the bus. 


The eight lines of the Status Bus are: 


Status Function 

sMEMR Memory Read 

sM1 Opcode Fetch 

sINP Input 

sOUT Output 

swo* Write cycle 

sINTA Interrupt acknowledge 

sHLTA Halt acknowledge 

sXTRQ 16-Bit Data Transfer Request 


These are individually described below: 


2.8.4.1. sMEMR (Memory Read) 


SMEMR is a status signal indicating that a memory read cycle 
is in progress. This signal is valid during a normal memory read 
cycle (memory read or opcode fetch cycle). 


SMEMR, may be output from the CPZ-186 so that the timing is 
in conformance with the read signal directly out of the 80186 CPU 
(pulsed mode) or with the timing in an NRZ form (latched mode). 


The CPZ-186 is factory configured for pulsed mode. Jumper PJM is 
provided to select the mode. 


2.8.4.2. sM1 (Opcode Fetch) 


sM1 is a status signal indicating that a memory read/opcode 
fetch cycle is in progress. 


2.8.4.3. sINP (Input) 


sINP is a status signal indicating that a peripheral device 
read cycle is in progress. 
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2.8.4.4. sOUT (Output) 


sOUT is a status signal indicating that a peripheral device 
write cycle is in progress. 


2.8.4.5. sWO* (Write Cycle) 
sWO* is a status signal indicating that a write cycle is in 
progress, wherein data is transferred from an S-100 Bus master to 
a slave. 
sWO*, may be output from the CPZ-186 so that the timing is 
in conformance with the write signal directly out of the 80186 
CPU (pulsed mode) or with the timing in an NRZ form (latched 


mode). The CPZ-186 is factory configured for pulsed mode. Jumper 
PJL is provided to select the mode. 


2.8.4.6. sINTA (Interrupt Acknowledge) 


sINTA is a status signal indicating that an interrupt 
acknowledge cycle is in progress. 


2.8.4.7. sHLTA (Halt Acknowledge) 


sHLTA is a status signal indicating that the CPU is ina 
halt state. 


2.8.4.8. sXTRQ* (16-Bit Data Transfer) 


The status signal sXTRQ* (16-bit data transfer request) is 


‘ used in the CPZ-186 to indicate to bus slaves that a 16 bit data 


transfer is requested by the CPZ-186. If the slave is able to 
respond to the masters request, it will cause the input signal, 
SIXTN* to go active which will then cause the CPZ-186 to transfer 
16 bit data transfers using both 8 bit input and output data 
ports for bi-direction transfers. If. the signal SIXTN* is 
inactive and if that transfer is output from the CPZ-186, the 
CPZ-186 will transfer the 16 bit data by sequencing that data out 
a byte at a time’ via the DO lines. If the signal SIXTN* is 
inactive and if that transfer is input to the CPZ-186, the CPZ- 
186 sequences in the 16 bits a byte at a time. 
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2.8.5. Control Input Bus 


The Control Input Bus consists of six signals, five of which 
are used in the CPZ-186. These lines allow S-100 Bus slaves to 
synchronize the CPZ-186 with conditions internal to the bus 
slave, to request the relinquishment of the S-100 Bus (DMA 
request) and to disable the CPU from the S-100 Bus. The signals 
are conditioned by pull-up resistors and Schnitt-—-trigger input 
receivers. 


The six lines of the Control Input Bus are: 


Line Function 

RDY Slave ready 

XRDY Special ready 

INT* Maskable interrupt request 
NMI* Non-maskable interrupt request 


HOLD* DMA request 
SIXTN* Sixteen acknowledge 


These lines are described in the following paragraphs. 


2.8.5.1. RDY (Slave Ready) 


This control line is used by S-100 Bus slaves to suspend bus 
cycles by inserting wait states in a CPU cycle. Slaves may 
connect to this line by using an open-collector driver. 


2.8.5.2. XRDY (Special Ready) 


This control line is used as a special ready line to 
accommodate devices such as front panels. Only one slave device 
should connect into the XRDY line. This line also suspends bus 
cycles by introducing wait states to the CPU. 


2.8.5.3. INT* (Maskable Int. Req.) 


This control line is used to request service from the CPU on 
an interrupt basis. The INT* line is enabled (unmasked) or 
disabled (masked) under software control. When the INT* line is 
activated, the CPU responds with an acknowledge signal and 
subsequently gates the opcode or vector information asserted on 
the bus by the bus slave initiating the interrupt. Logic is 
provided to sense these conditions and to respond appropriately. 
INT* should be asserted as a continuous level and held active 
until a response is received. ; 
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2.8.5.4. NMI* (Non-maskable Int. Req.) 


This control line is used to request service from the CPU on 
an interrupt basis. The NMI* is non-maskable, meaning it is 
always enabled. When an interrupt occurs on NMI*, a CPU 
acknowledge cycle is not generated. 


Normally, only critical signals are connected to the NMI* 
line. The CPZ-186 provides the option to connect the S-100 Bus 
signal PWRFAIL* to the NMI* line via a jumper option. NMI* is 
sensed on a Signal edge transition. 


2.8.5.5. HOLD* (DMA Request) 


This control line is used by S-100 temporary bus masters to 
request control of the S-100 Bus from the CPZ-186. A DMA cycle 
may be initiated by asserting this line. The CPZ-186 will 
respond with the signal pHLDA when the cycle is initiated, and 
will relinquish control to the temporary bus master. 


2.8.5.6. SIXTIN* (Sixteen Acknowledge) 


The status signal sXTRQ* (16-bit data transfer request) is 
used in the CPZ-186 to indicate to bus slaves that a 16 bit data 
transfer is requested by the CPZ-186. If the slave is able to 
respond to the masters request, it will cause the input signal, 
SIXTN* to go active which will then cause the CPZ-186 to transfer 
16 bit data transfers using both 8 bit input and output data 
ports for bi-direction transfers. If the signal SIXTN* is 
inactive and if that transfer is output from the CPZ-186, the 
CPZ-186 will transfer the 16 bit data by sequencing that data out 
a byte at a time via the DO lines. If the signal SIXTN* is 
inactive and if that transfer is input to the CPZ-186, the CPZ- 
186 sequences in the 16 bits a byte at a time. 
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2.8.6. Control Output Bus 


The control output bus consists of five lines, one of which 
is optional. These lines are enabled when the enabling signal 
CDSB* is inactive. A line driver is used to condition these 
lines to conform with the characteristics required by the IEEE S- 
100 Bus standard. 


The five lines of the Control Output Bus are: 


Line Function 

psYNnc Cycle start 
pSTVAL* Status valid 
pDBIN Read strobe 

pwWR* Write strobe 
pHLDA Hold acknowledge 


These lines are described in the following paragraphs. 


2.8.6.1. pSYNC (Cycle Start) 


psSYNC is a control signal which indicates the start of anew 
bus cycle. The signal becomes active when an I/O cycle, memory 
cycle, DMA read or DMA write cycle occurs. The signal remains 
active for approximately one bus clock in accordance with the 
IEEE 8-100 Bus standard. pSYNC does not become active during a 
refresh cycle. 


2.8.6.2. pSTVAL* (Status Valid) 


psSTVAL* is.a control signal which indicates that address, 
Data and Status signals have stabilized on the bus during the 
current bus cycle. It becomes active on the first CPU clock 
cycle after pSYNC becomes active, and goes inactive on the first 
CPU clock cycle after the bus cycle is complete. By using this 
signal as the latching signal, the address, data, and status 
signal timing will conform to the timing specified in the IEEE 
standard. 


2.8.6.3. pDBIN (Read Strobe) 


pDBIN is a control signal which gates data arriving on the 
CPU data bus from an external source. pDBIN goes active when the 
80186 read signal goes active, thereby giving the user a maximum 
read access time window. 
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2.8.6.4. pWR* (Write Strobe) 


pWR* is a control signal which performs the function of a 
write strobe to write data from the CPU data bus to an addressed 
peripheral or memory device. pWR* goes active at the specified 
time after pSTVAL goes active for I/0 write cycles, DMA memory 
write cycles and CPU memory write cycles. 


2.8.6.5. pHLDA (Hold Acknowledge) 


pHLDA is a control signal which is active when the CPZ-186 
relinquishes the address, data, control and status buses in 
response to a temporary master DMA request. This signal is 
generated by the 80186 Hold Acknowledge Output. 


2.8.7. DMA Control Bus 


The DMA Control Bus consists of eight input lines. Four of 
these are activated as required for the permanent bus master. 
The remaining four lines are utilized to isolate the CPU from the 
8-100 when the permanent bus master relinquishes control to the 
temporary bus master. The disable lines are connected to 
schnitt-trigger input receivers to provide noise immunity. The 
conditioned signals then disable the respective output line 
drivers. The DMA arbitration lines are used by the temporary 
masters to determine which temporary master has the use of the 
bus during a DMA cycle. The permanent bus master need not 
arbitrate. The eight DMA Control Bus lines are: 


Line Function 

DMAO* DMA arbitration line 
DMA * DMA arbitration line 
DMA2* DMA arbitration line 
DMA3* DMA arbitration line 
ADSB* Address disable 

DODSB* Data out disable 

SDSB* Status disable 

CDSB* Control output disable 
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2.8.8. Vector Interrupt Bus 


The Vector Interrupt Bus consists of eight lines, designated 
VIO* through Vi7*. VIO* is treated as the highest priority 
interrupt line. These lines should be asserted as levels, and 
should remain asserted until a response is received. 


The Vectored Interrupt Bus lines are connected to interrupt 
option jumpers to connect the appropriate lines to the 8259A 
interrupt controller. This device then masks or unmasks the 
interrupts, prioritizes the requests, and asserts the INT* 
signal to the CPU. : 


2.8.9. Utility Bus 


The Utility Bus consists of eight lines. Output lines are 
conditioned by drivers to conform with characteristics required 
by the IEEE S-100 Bus standard. The eight Utility Bus lines are: 


Line Function 

0 (clock) System clock (output) 
CLOCK Clock (output) 
MWRITE Memory write strobe (output) 
POC* Power-on clear (output) 
SLAVE CLR* Slave clear (output) 
RESET* Reset (input/output 


Each of these Utility Bus signals are described in the following 
paragraphs. 


2.8.10. O (System Clock) 


0 is the 8-100 Bus system clock. 0 clock frequency is 8 Mhz. 


2.8.11. CLOCK (Clock) 


CLOCK is a 2 Megahertz Utility clock signal to be used by slave 
devices. : 
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2.8.12. POC* (Power-on Clear) 


The POC* line is active when initial power-up occurs on the 
8-100 Bus. When POC* is active, SLAVE CLR* and RESET* are 
asserted. POC* is guaranteed to stay active for at least 50 
milliseconds. 


2.8.13. SLAVE CLR* (Slave Clear) 


SLAVE CLR* is the signal line which resets all slave devices 
on the S-100 bus. During power-on clear, this line is asserted 
by the CPZ-186 power-on clear logic. External devices may 
assert RESET* and, in doing so, assert SLAVE CLR* as well. 
RESET* is driven by an open-collector driver. 


2.8.14. ERROR* (Error) 


Error* is a signal generated by a slave device to indicate 
abnormal conditions such as parity error, CRC error, out of tape, 
etc. This line is connected to a jumper option where it may be 
selected as an interrupt source. 


2.8.15. PWRFAIL* (Power Failure) 


PWRFAIL* is a signal generated external to the CPZ-186 to 
indicate that a power failure has occurred. This signal remains 
active until power is restored and POC* is active. The signal is 
available to the user via a jumper so that it may be connected to 
the NMI* line of the CPU. 


2.8.16. System Power 


The system power lines consist of all lines supplying 
unregulated power to the CPZ-186 and other devices connected to 
the S-100 Bus. The nine System Power lines are: 


Lines Quantity Pins 

+8 VOLTS 2 134 

+16 VOLTS 1 2 

-16 VOLTS 1 52 

GND ) 20,50,53,70,100 
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The +8 VOLT lines are connected to a +5 VDC regulator to 
supply +5 volt of regulated power to the CPZ-186. This line 
should not be greater than +10.0 VDC for best opperation. 


The +16 VOLT connects to a +12 VDC regulator and the two 
serial port connectors. The -16 VDC line connects to the two 
serial port connectors. The 16 volt lines are utilized on the 
serial ports for supplying power to RS-2352C driver circuitry. 


All ground lines are connected to the ground plane to 
provide a low impedance path from the S-100 Bus ground to the 
CPZ-186 ground. 


2.8.17. MANUFACTURER SPECIFIED LINES 


The IEEE S-100 Bus standard reserves three of the 100 lines 
for special use by the manufacturer. The CPZ-186 utilizes these 
lines. One of these is required to implement the daisy chained 
priority interrupt expansion. The second supplies the 80186 
refresh signal. 


These lines may be connected through solder jumpers. See the 
section on Solder/Trace Cut Options. 


The two Manufacturer specified lines are described in the 
following paragraphs. 


2.8.17.1. PCHAIN (Interrupt Priority) 


PCHAIN is an output signal which indicates the priority 
level of the interrupt in progress. If it is high, the interrupt 
response action is passed to the next interrupt device in the 
serial interrupt structure. PCHAIN utilizes pin 21 of the 5-100 
Bus. 


2.8.17.2. RFSH* (Refresh) 
RFSH* is the RAM Controller refresh signal buffered for use 


by external dynamic RAM memory devices connected to the S-100 
Bus. RFSH* utilizes pin 66 of the S-100 Bus. 


2.8.17.3. Reserved Lines 
Five of the S-100 Bus lines are reserved for future use by 


the IEEE specification. The CPZ-186 makes no connection to these 
lines. 
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3. OPERATING INSTRUCTIONS 


Instructions are given herein to configure the CPZ-186 from 
both the hardware and software standpoint. The user will be 
pleased to find that minimal setup procedures are required. 


3.1. Hardware Setup Instructions 


The hardware is configured via jumper options and 
solder/trace cut areas. The solder/trace cut areas are referred 
to as PJX, where X is the area designator. These jumpers are by 
nature rarely reconfigured. PJX options are located on the 
"solder" side of the board. The jumper options referred to as JX, 
where X is the jumper designator, gives the user flexibility in 
setting up the CPZ-186 for a multitude of applications. Jumper 
options are located on the "component" side of the board. 


Instructions are also included on providing jumper option 
modifications for various popular floppy drives. These 
modifications must be executed prior to integrating the CPZ-186 
to the floppy drives. 


Refer to figure 1 to locate Jumper Options and Solder/Trace 
Cut areas. ; 


A section is included on instructions for connecting 
personality boards to the CPZ-186. 
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301.1. JUMPER OPTIONS 


Refer to figure 1 to locate JA and JB, the only jumper headers on 
the CPZ-186. 


3.1.1.1. JA — FDC Data Separator Calibrate 


This jumper option is for factory use only. The jumper is 
connected to enable the calibration of the FDC data separator 
circuitry through adjustments on potentiometers R7 & R8 and 
variable capacitor C2. These adjustments must not be modified in 
the field. 


[ JA ] block 
ta——+ 
bi Oy 


3.1.1.2. JB ~ Interrupt Source Select 


JB may be configured to select various signals as inputs to 
the interrupt controller. dumpers are provided to select one of 
two signals available for each of 9 inputs. Wire-wrap or other 
means of interconnection may be used to select a signal in a 
different order from that assigned to the jumper block. This is 
clarified below: 


Connection Table 


toe-—--- + 
| Pin } C B A 36 ! 
pown ee + 
1 NMI INMI GROUND PWRFAIL 
2 INT* vV7* VI7* 
3 SERR* v6* vI6* . 
4 PINT* vV5* VI5* 
5 eae v4* VI4* | 
6 (SPARE V3* VI3* 
si (SPARE) vo* vi2* 
8 FINT* vi* VI1i* 
9 (SPARE) vo* vio* 
i « ‘ 
i 1 ' j 
| i ( { 
Source Signal ----+ | 
Input to interrupt Controller -+ 
Source Signal ---------~-----------=--------- +----------- + 
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** NOT E ** (B-1 is input to INMI of CPU) 


[ JB ] block 
pata pe tet 
110;0;0;0} 
open ope pee poe ep 


2 101010] 
i 
3 OO 101 
4 10;010) 
5 j0;0;01 
~6° lololo! 
7 ~“{O}O0j0} 
8 {0} Ope; 
Q” !Ot0!0| 
spepaepmt 
XABC 


EXAMPLES: 


1) fo connect S-100 Bus Vector line VI5* to the interrupt 
controller, install a jumper from position A4 to B4. 

2) fo connect Floppy interrupt signal FINT* to the interrupt 
controller, install a jumper from C8 to B8. 

3) To connect the parallel port interrupt line to the highest 
priority interrupt input (V7*), install wire-wrap or any other 
adequate interconnection means from C4 to B9. 


XX NO TD BE 4*** 


a.) Highest priority input is VO and the lowest is V7. 

b. NMI, GROUND and PWRFAIL are sources to the CPU non- 
maskable interrupt input, INMI. The CPZ-186 is normally 
delivered with ground connected to INMI. To connect 
either NMI or PWRFAIL to INMI, cut the trace from Al to 
Bi and add the appropriate jumper. To connect PWRFEFAIL, 
solder a jumper from Xi to Bl. 


KEKKKKEKKEKKEKEE 


* WARNING * 
HHH HK H IKK HHH 


ENSURE TRACE FROM Ai TO Bi IS CUT PRIOR — 
TO CONNECTING EITHER NMI OR PWRFAIL 


ec.) Signal source definition are as follows: 
VIx = S-100 Bus vectored interrupt (X = 0 --> 7) 
PWRFAIL = S-100 Bus power fail 
FINT = Floppy interrupt 
PINT = Parallel port interrupt 
SERR = 5-100 Bus error 
NMI = 5-100 Bus non-maskable interrupt 
INT = S-100 Bus maskable interrupt 
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3.1.2. SOLDER/TRACE CUT OPTIONS 


Refer to figure 1 to locate the PJX solder/trace options. The 
PJX options are listed as follows: 


PJA 
PJB 
PJC 
PJD 
PJE 
PJF 
PJG 
PJH 
PJJ 
PJK 
PIL 
PJM 
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3.1.2.1. PJA — SCC Port A Clock Source Select 


The CPZ-186 comes configured so that the SCC ports receive 
their baud rate clocks from the 80186's on-chip programmable 
timers. The board could be reconfigured to source the clocks 
from the SCC serial port connectors. Such is the case when 
synchronous modems connect to the serial ports. The modem 
provides a clock to the SCC. Furthermore, the modem may receive 
the clock from the 80186's timer, condition the clock and return 
it to the input of the SCC. The transmit and receive clocks may 
be sourced separately on Port A- All combinations are possible 
through this jumper. : 


To source SCC PORT A inputs from the SCC connector only, cut 
the trace from PJA-2 to PJA-3. The source can now be connected 
through the personality board on either PIN P2-2 or P2-35. If the 
SCC PORT A inputs are to be sourced separately from the SCC 
connector, cut the trace from PJA-~1 to PJA-2. The receive clock 
is now input on P2-3 and the transmit clock is input on P2-2. 


[ PJA ] area 


1 2 3 

0----0--~-0 

ie ae 

+---> Timer Clock 

H +—------=- > Receive Input Clock 


$o- es > Transmit Input Clock 


3.1.2.2. PJB = SCC Port B Clock Source Select 


The CPZ-186 comes configured so that the SCC ports receive 
their baud rate clocks from the 80186's on-chip programmable 
timers. The board could be reconfigured to source the clocks 
from the SCC serial port connectors. Such is the case when 
synchronous modems connect to the serial ports. The modem 
provides a clock to the SCC. Furthermore, the modem may receive 
the clock from the 80186's timer, condition the clock and return 
it to the input of the SCC. The transmit and receive clocks may 
be sourced separately on Port B. All combinations are possible 
through this jumper. 
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To source SCC PORT B inputs from the SCC connector only, cut 
the trace from PJB-2 to PJB-1. The source can now be connected 
through the personality board on either PIN P3-2 or P3-3. If the 
SccC PORT B inputs are to be sourced separately from the SCC 
connector, cut the trace from PJB-1 to PJB-2. The receive clock 
is now input on P3-3 and the transmit clock is input on P3-2. 


[ PJB ] area 


1 2 3 

O--—-0---- 0 

H +---> Timer Clock 

H $---- > Transmit Input Clock 
el ss lacie a a > Receive Input Clock 


321-205. PIC — 256 x 1 DRAM Enable 


The CPZ-186 may be configured for 256 Kbytes of Dynamic RAM, 
512 Kbytes or 1 Megabyte. Jumper area PJC is provided to input 
the multiplexed address lines A17 and A18 into the RAM array if 
the CPZ-186 is configured for 512 Kbytes or 1 Megabyte. Jumper 
area PJC is not connected if the CPZ-186 is configured for 256 
Kbytes. It is connected if the CPZ-186 is configured for 512 
Kbytes or 1 Megabyte. 


[ PJC ] area 
From Address Mux ---->0 OQ----> To Address Bit 8 
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3.1.2.4. PID - 256/512/1024 K Select 


The CPZ-186 may be configured.for 256 Kbytes of Dynamic RAM, 
512 Kbytes or 1 Megabytes. Jumper area PJD is provided to input 
the address lines A17, A19 or ground into the RAM Controller. If 
the CPZ-186 is configured for 256 Kbytes, A17 is input to the RAM 
Controller. If the CPZ-186 is configured for 512 Kbytes, ground 
is input to the RAM Controller and for 1 Megabyte, A19 is input 
to the RAM Controller. The CPZ-186 normally comes configured for 
256 Kbytes. 


[ PJD ] area 


1 2 3 

O. ‘Gseceo 

+---< AIT 

H +-------- > To RAM Controller 
ae ee < AIO 


The CPZ-186 is normally configured for 256 Kbytes; therefore, PJD 
2-to-3 is connected in order to input address line A17. 


To configure the CPZ-186 for 512 Kbytes cut the trace from 2-to-3 
and connect PJD-2 to U13 pin 16 (ground). For 1 Megabyte, cut the 
trace from 2-to-3 and connect PJD from 1-to-2 in order to input 
address line A19. 


31.2.5. PJE — SCC or CIO DMA1 Select 


Two channels of DMA are provided in the CPZ-186. Channel O 
is permanently assigned to the Floppy Controller signal "DRQ". 
Channel 1 may be optionally assigned to either the SCC Serial 1/0 
controller or the CIO Parallel I/O Controller. The CPZ-186 is 
normally configured so that the SCC is connected to the DMA 
request channel. Note: PJE is located underneath U39. 


[ PJE ] area (Solder Side View) 


2 1 
To Channel 1 Input ----> 0---0 ----> SCC DMA Reg 
CIO DMA Req ---->.0 
2 


To configure the CPZ-186 for DMA operation on the CIO, cut the 
trace from 1-to-2 and solder a jumper from 2-to-3. 
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3.1.2.6. PJF - 512 KByte Memory Select 
3.1.2.7. PJG - 1 Meg Memory Select 
The CPZ—-186 may be configured for 256 Kbytes of Dynamic RAM, 


512 Kbytes or 1 Megabytes. Jumper areas PJF and PJG are provided 


to input the address lines A18 and/or A19 respectively, into 
logic which detects if either the on-board 256 Kbytes, 512 Kbytes 
or 1 Megabyte of RAM is being accessed or if external RAM is 
being accessed. These jumpers must be configured along with PJC 
& PJD when configuring the CPZ-186 for various RAM size options. 
The CPZ-186 is normally configured for 256 Kbytes of RAM and 
jumper PJF and PJG are set up as shown below. Note: Pads al, a2 
and bi constitute jumper area PJF. Pads a3, b2 and b3 constitute 
jumper area PJG. Also PJF/PJG is located underneath U45. 


[ PJF/PJG ] area (Solder Side View) 


D a 
O---0 1 


eS? 02 
1 
0 +=-0 3 
If the CPZ-186 is configured for 512 Kbytes, cut PJF al-to-b1i and 
connect PJF at—-to-a2 as shown below. 
[ PJF/PJG ] area (Solder Side View) 
bd a 
0 oO 1 
H 
0) 


Q=+ 2 


0 +-0 3 


If the CPZ-186 is configured for 1 Megabyte, cut PJF al-to-b1 and 
connect PJF ai-to-a2. Also cut PJG a3-to- ed and connect PJG a3- 
to-b3 as shown below. 


[ PJF/PJG ] area (Solder Side View) 


d a 

0 0 1 
| 

0 02 

O---0 35 
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5.1.2.8. PJH — Interrupt Priority Chain 


The CPZ-186 may connect to off-—board devices with priority 
interrupt structures which comply with the Intel Interrupt 
Controller 8259A method of resolving interrupt priority level. 
The method consists of serially chaining interrupt devices via a 
signal referred to as "PCHAIN". The CPZ-186 is factory configured 
so that this signal is not connected to the 5-100 Bus. Solder a 
jumper in PJH if the interrupt structure is to be extended to 
other boards outside of the CPZ-186. Note PJH is located 
underneath U53. 


[ PJH ] area 
4 i 
PCHAIN ->------- 0 0-----— 121 


3.1.2.9. PJJ - 2K/4K/8K EPROM Select 


Either a 2716, 2732 or 2764 EPROM may be used with the CPZ- 
186. Instructions are given to incorporate any of these three 
EPROMS. Note: PdJ is located underneath U72. 


2716/2732 


A 28 pin socket is provided on the CPZ-186 in order to 
accommodate any of the three EPROM sizes. In the case of the 
2716 and 2732, pin 1 of the EPROM must connect to pin three of 
the socket. This is illustrated below: 


socket (U72) 
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On jumper PJJ, for the 2716 connect 1-3 and for the 2732 connect 


[PJJ] area 

eet 
1 | O | To EPROM Input 
a peOr) A 
3 ; Oj; +5 VDC 

paet 


2764 


Install the EPROM in the normal fashion; i.e., pin 1 mates with 
pin i. On jumper PJJ connect i-2. 


Ye EPROM 


4-5-8 


Information contained herein is Proprietary to I.C.M. Corp. Pg. 37 


CPZ-186 CPU Manual Manual Revision 1.1 of 3/2/25 


 3.1.2.10. PJK - Connect 80186 Refresh to Bus 


If the S-100 Bus dynamic RAM memory boards require the 80186 


refresh signal for proper operation, PJK may be connected to 
provide that signal. 


[ PJK ] area 


RSH <>5-2-<5< 0: Oaxeccs 166) 


3-1.22.11. PJL —- Write Signal Timing 


The S100 Bus signal, SWO, may be output from the CPZ-186 so 
that the timing is in conformance with the write signal directly 
out of the 80186 CPU (pulsed mode) or with the timing in an NRZ 


form (latched mode). The CPZ-186 is factory configured for pulsed 
mode. 


[ PJL ] area 

1 2 3 

O O--——0 

+---> To Timing Logic 
+-------- < WR* from 80186 
freee enna nee < GROUND 


To configure the CPZ-186 for Latched Write Mode, cut the trace 
' from 2-to-3 and connect from 1-to-2. 
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3e1-2.12. PIM — Read Signal Timing 


The S100 Bus signal, SMEMR, may be output from the CPZ-186 
so that the timing is in conformance with the read signal 
directly out of the 80186 CPU (pulsed mode) or with the timing in 
an NRZ form (latched mode). The CPZ-186 is factory configured for 
pulsed mode. 


[ PJM ]. area 


1 2 3 

Oxaeeo 0 

| 

+---< GROUND 

1 +——-—- < RD* from 80186 
pcs eine einai as > To Timing Logic 


To configure the CPZ-186 for Latched Read Mode, cut the trace 
from 1-to-2 and connect from 2-to-—-3. 
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3.1.3. FLOPPY DRIVE JUMPER OPTIONS 


The CPZ-186 is compatible with all floppy drives which have 
Shugart standard interfaces. However various drives require 
particular jumper option settings to make them compatible with 
the CPZ-186 hardware. Jumper settings are given for the 
following Floppy drives: 


SHUGART MODEL 800/801 
SHUGART MODEL 850/851 
QUME DATATRACK 8 
TANDON TM848-1 

TANDON TM848-2E 
MITSUBISHI M2896-65 
MITSUBISHI M2894-63 
SEIMENS FDD100-8D 
TANDON TM100-2 


ICM technical support personnel shall provide the necessary 


assistance to customers wishing to integrate other drives 
compatible with the SHUGART standard interface. 


51-5016 SHUGART MODEL 800/801 


(a) Do not modify etched trace options as delivered from the 
factory. 


(b) Remove all jumpers on the disk drive and install the 
following: 


A Y 
B Ti 
C t2 
DS 800 


(c) Install the following terminators in the last drive 
connected to the CPZ-186: 


T3 T5 
T4 T6 


(d) Connect drive select jumpers as follows: 


DS1= Drive A 
DS2= Drive B 
DS3= Drive C 
DS4= Drive D 
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3.1.3.2. SHUGART MODEL 850/851 


(a) Do not modify etched trace options as delivered from the 
factory. 


(b) Open the following shunts: 
HL 
xX 
5 


(c) Remove all the jumpers on the disk drive and install the 
following: 


FS 
IW 
RS 
. $2 
2s 
850 


NWHYVAW PY 


(d) Install the terminator pack in the last drive connected to 
the CPZ-186. 


(e) Connect drive select jumpers as follows: 


DSi1= Drive A 
DS2= Drive B 
DS3= Drive C 
DS4= Drive D 


3o1253.5. QUME DATATRACK 8 


(a) Close or open the following jumper options as indicated: 


close open 
C D 
Be DC 
DS DL 
HA 

T40 

25 


(b) Close or open the following shunts as indicated: 


close open 
A X 
B Z 
- HL 
R 
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(c) Leave all other drive options as delivered from the factory. 


(d) Connect drive select jumpers as follows: 


DSi= Drive A 
DS2= Drive B 
DS3= Drive C 
DS4= Drive D 


3.1.3.4. TANDON TM848-1 

(a) Open the following shunts installed in U3: 
1-to-16 
2-to-15 
5-to-12 


(bo) Open or close the following drive jumper options as 
indicated: 


close open 
be M2 
DS 
C 


(c) Remove connection from M3 to "center" and with a wire, 
connect "center" to Y as illustrated below: 


(before) (after) 
pee aemees + 
| ! 
M3 o---o center M3 oO o center 
I 
o M4 o M4 

| 
if 
Y j 
0=-=0 


(d) Connect drive select jumpers as follows: 


DSt= Drive A 
DS2= Drive B 
DS3= Drive C 
DS4= Drive D 
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3.1.3.5. TANDON TM848-—2E 


(a) Install the following jumpers: 


NL 
M3 
M4 
Ic 
R 


(b) Connect drive select jumpers as follows: 


DSt= Drive A 
DS2= Drive B 
DS3= Drive C 
DS4= Drive D 


(c) Install the terminator pack in the last drive in the chain. 


321.3.6. MITSUBISHI M2896-63 (HALF HEIGHT) 


(a) Open or close the following jumper options as indicated. 
All other jumper options are to remain as delivered from the 
factory except for the drive select jumpers and the terminator at 
location D2. 


close open 
C xX 
RM RS 


(bo) Install the terminator at location D2 only on the last 
drive. 


(c) Connect drive select jumpers as follows: 


DSi= Drive A 
DS2= Drive B 
DS3= Drive C 
DS4= Drive D 
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3.1.3.7. MITSUBISHI 2894-63 (FULL HEIGHT) 


(a) Open or close the following jumper options as indicated. 
All other jumper options are to remain as delivered from the 
factory except for the drive select jumpers and the terminator at 
location A5. 


close open 
Z Y 
HUN HUD 


(b) Open the following shunts: 
PJ4 
PJ5 
PJ8 
(ec) Install the terminator at location A5 only: on the last drive. 


(d) Connect drive select jumpers as follows: 


DSi= Drive A 


DS2= Drive B 
DS3= Drive C 
DS4= Drive D 


321.3.8. SEIMENS FDD100-8D 
(a) Install jumper SS. 


(b) Open trace from G to "center" and connect "center" to H as 
indicated below: 


(before) (after) 
G G 
on fo) 
Ho o center H o---o center 


(ec) Connect drive select jumpers as follows: 


DSt= Drive A 
DS2= Drive B 
DS3= Drive C 
DS4= Drive D 
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3.12309. TANDON TM100-2 (5 1/4" drive) 


Open or close the indicated shunts for drives A through 
D respectively: 


DRIVE A DRIVE B DRIVE C DRIVE D 
1-16 open open open open 
2-15 close open open open 
3-14 open close open open 
4-13 open open close open 
5-12 open open open close 
6~1 1 open open open open 
7-10 open open open open 
8-9 open open open open 
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Personality Board Buyer’s Guide 
From Intercontinental Micro Systems 


PERSONALITY BOARDS: 
PERIPHERAL INTERFACE 


ICM’S$ PERSONALITY BOARDS offer a very versatile, cost effective technique for peripheral interface. The personality boards mount on the back of your 
system's mainframe or chassis. Whenever you decide to change peripherals or protocols, all you have to do is change the small, inexpensive personality 
board - not make expensive and complicated changes to your CPU board. ICM has existing PERSONALITY BOARDS and Software Drivers for most 
peripherals and protocols on the market today. New PERSONALITY BOARDS are constantly being developed as new peripherals enter the market. 


PERSONALITY BOARDS are not only cost effective and inexpensive, they also protect the CPZ48000 SBC whenever new or different peripherals are placed 
on your system. First, since the buffers and drivers necessary to interface to the peripherals are on the personality board and not on the CPZ, there is no 
need to make costly and complicated cuts or jumpers on the CPZ. Second, any current surges on the communication lines between the CPZ and the 
peripheral will blow the surge suppressors on the Personality Board and not the CPZ. Thus you only have to replace a smail, inexpensive board - not a 


large,expensive SBC board. 


PERSONALITY BOARD - RS232/K0 MODEM 
Part Number - RPB100 
Function 


The RS232/NO MODEM Personality Board provides RS232 drivers 
and receivers, terminations and jumper options to interface any simple 
RS232 device such as CRT terminals, serial printers or any other serial 
device not requiring an extensive handshake protocol. 

This module may be used with either the CPZ48000 SBCP or the 
CPS-MX SBSP. 


PERSONALITY BOARD - RS232/FULL MODEM 
Part Number - MPB100 
Function 


The RS232C/FULL MODEM Personality Board provides RS232 
rivers/receivers and jumper options to interface asynchronous or 
synchronous modems with varying types of bit oriented protocols such 
as IBM Bi-Sync, HDLC or SDLC. Jumpers provided enabie the user to 
Configure the board for either asynchronous or synchronous operation. 

This module may be used with either the CPZ48000 SBCP or the 
CPS-MX SBSP. 


PERSONALITY BOARD - RS422 SERIAL COMMUNICATIONS 
Part Number - FFTIO0 
Function 


The FFT100 personality board provides RS422 differential line 
Grivers and receivers. These balanced drivers and receivers can provide 
serial communications for distances of up to 4000 feet at a communi 
Cations rate of 100 Kbits/second. This assumes that 24 AWG twisted 
pair cable is used. Higher rates may be attained for shorter cable 
lengths. If the CPU's S10 controller is used in synchronous communica- 
tions mode at its maximum rate of 800 Kbits/second, the maximum 
Cable length recommended is 325 feet Drivers and receivers are 
provided for all signals of the S10 to support full handshake protocols. 

The FFT100 in combination with the Long Distance Serial Personality 
Board (LDS100), provides a means of connecting terminals, printers 
and other RS232 serial devices remotely located from the CPU mainframe. 
CPU-to-CPU communications may also be set-up over long distances 
by using the FFT100 at both CPUs. In this case, the interconnecting 
Cable is cross-connected to tie receiver-to- transmitter and transmitter- 
to-receiver devices. No cross-connection is required between the 
FFT100 and the LDS100. 

Jumper options are provided to minimize the number of cable lines 
required if no handshaking signals are required as in the case of simple 
RS232 Terminals where only transmit and receive signals are required. 


Ground is also provided but is not used in most cases. 
This module may be used with either the CPZ48000 SBCP or 
the CPS-MX SBSP. 


PERSONALITY BOARD - LONG DISTANCE SERIAL COMMUNICATIONS 
Part Number - LDS100 
Function 


The LDS100 personality board provides RS422 differential line 
Grivers and receivers. This SHORT HAUL MODEM can provide 
serial communications for distances of up to 4000 feet at a communi- 
cations rate of 100 Kbits/second. This assumes that 24 AWG twisted 
pair cable is used. Drivers and receivers are provided to support full 
handshake protocols. 

The LDS100 in combination with the RS422 Serial Communications 
Personality Board (FFT100), provides a means of connecting terminals, 
printers and other RS232 serial devices remotely located from the CPU 
mainframe. Jumper options are provided to minimize the number of 
cable jines connected if no handshaking signals are required as in the 
case of simpie RS232 Terminals where only transmit and receive 
signals are used. Ground is also provided but is not used in most cases. 

AC power must be provided to the board. The board may be strapped 
for either 115VAC/60HZ or 230VAC/50 HZ operation. 


PERSONALITY BOARD - FLOPPY DISK CONTROLLER 
Part Number - FPB100-XY 
Function 
The FLOPPY DISK CONTROLLER personality board provides line 
drivers and receivers, terminators, logic and a jumper option to interface 
either an 8-inch of a 5%-inch floppy disk drive with the CPZ48000 
SBCP. A DB25 connector is available as the means to interface with the 
Grive interface; however, if other types of commonly used connectors 
are required, adapters are available to tailor the interface appropriately. 
This module is used only on the CPZ248000 SBCP. 


PERSONALITY BOARD - CENTRONICS PRINTER 
Part Number - CP1100 
Function 


The Centronics Printer Personality Board provides line drivers, 
receivers, terminators, jumper options and data strobe generator logic 
to interface to any printer compatible with the Centronics parallel 
interface. 

This module may be used with either the CPZ48000 SBCP or 
the CPS-MX SBSP. 
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PERSONALITY BOARD - PRIAM INTELLIGENT HARD DISK 
Part Number - PRI1O0 
Fuaction 


PRIAM provides two intelligent hard disk interface controllers referred 
to as the “SMART” and the “SMART-E”. These are preprogrammed 
microprocessor based controllers. They may be used for the entire line 
of PRIAM Winchester disc drives which range in capacity from 10 
megabytes to 157 megabytes and come in eight or fourteen inch 
packaging. Up to four drives in any combination of drive sizes may be 
interconnected The controllers support a variety of read sector, write 
sector and format commands. Data transfers may be either programmed 
0 or DMA The SMART-E has all the features that the SMART has in 
addition to error detection & correction, logical sector addressing, 
sector interleaving, parity generation & testing, direct data transfers 
and a2 Kbyte data buffer (SMART has a1 Kbyte buffer). The interface 
performs the entire function of detailed disc control while presenting to 
the host a basic and cost effective interface. 

The PRI100 Personality Board connects the parallel port of the 
CPZ48000 SBCP or the CPS-MX SBSP to the SMART or SMART-E 
controllers. Thus, a very powerful disc subsystem may be directly 
connected to the {CM line of processors via the PRI100. 

A jumper option is provided on the PRI100 to configure it for either 
the SMART or the SMART-E controller. The controllers mount along the 
drive sides alleviating the need for additional S-100 Bus slots. An 
adapter, PRI100-1, is provided allowing direct connection of the PRI100 
to the smart controllers. 


PERSONALITY BOARD - SHUGART ASSOCIATES SYSTEM INTERFACE 
Part Number - SASIO0 : 
Function 


The Shugart Associates System Interface (SASI) defines a Local I/0 
Bus which can be operated at data rates up to 1.5 megabytes per 
second. This bus provides |/0 device independence so that disk drives, 
tape drives, printers and various other peripherals may be interfaced on 
the same I/O bus without modification to the host CPU's hardware or 
software. The interface protocol provides for connection of multiple 
initiators (devices capable of initiating an operation) and multiple 
targets (devices capable of responding to requests for operations). 
Arbitration logic is built in and a priority system awards control to the 
device that wins arbitration. 

The SAS100 personality board converts the parallel port of either the 
CPZ48000 SBCP or the CPS- MX SBSP to a SASI 1/0 bus. Software is 
provided to emit bus timing in conformance with the SASI specification. 
The system integrator may interface SASI controllers such as the Data 
Technology Corporation, Zebec and Sysgen line of controllers. Each 
have powertul attributes such as connecting hard disks with floppies, 
hard disks with tape streamers and connecting to high performance 
SMD hard disk drives. 

The SAS100 personality board is accompanied by an adapter board 
(SAS100-1). This adapter board converts the SAS100 DB25 connector 
interface to a50 pin header connector interface with a pin assignment 
in exact conformance with the SASI Bus specification The integrator 
may connect directly to the SAS100 with a DB25-to-SASI Interface 
cable or may connect via the SAS100-1 with a50 pin flat ribbon cable, 
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PERSONALITY BOARD - CLOCK/ CALENDAR 
Part Number - CCBIOO 
Function 


The CCB100 provides a highly accurate real time clock which may 
be set by the CPZ48000 SBCP or the CPS-MX SBSP under software 
control. The time of year, month, day, hour, minute and second is 
maintained and may be read back by the CPU. A Ni-Cad battery is used 
to provide backup power to the time control chip. in this manner the real 
time clock is continuously maintained even during extensive down time. 
This feature is quite useful for point-of-sale systems, inventory systems 
and other applications where continuous clock monitoring is required. 
This board is also very useful in operating systems which feature date 
and time stamping such as TurboDOS. In a TurboDOS based system, 
this board may be connected to the master (CPZ48000) parallel port or 
may be connected to any one slave (CPS-MX) parallel port. 


Personality Board index 
part number 
1 RS232C/ NO MODEM RPB100 
2 RS232C/ FULL MODEM MPB100 
3 RS422 SERIAL COMMUNICATIONS FFT100 
4 LONG DISTANCE SERIAL COMMUNICATIONS LOS100 
5 FLOPPY DISK FPB100 
6 CENTRONICS PRINTER CPI100 
7 PRIAM INTELLIGENT HARD DISK PRI100 
8 SHUGART ASSOCIATES SYSTEMS INTERFACE — SAS100 
9 CLOCK/CALENDAR (WITH BATTERY BACKUP) CCB100 


TYPICAL PERSONALITY BOARD MOUNTING 
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4. PERSONALITY BOARD USERS GUIDE 


PERSONALITY BOARD INDEX 


1 RS232Cc/ NO MODEM RPB100 
2 RS232C/ FULL MODEM MPB100 
3 RS422 SERIAL COMMUNICATIONS FTT100 
4 LONG DISTANCE SERIAL COMMUNICATIONS LDS100 
5 FLOPPY DISK FPB100 
6 CENTRONICS PRINTER CPI100 
7 PRIAM INTELLIGENT HARD DISK PRI100 
8 SHUGART ASSOCIATES SYSTEMS INTERFACE SAS100 
9 CLOCK/CALENDAR (WITH BATTERY BACKUP)  CCBIO0O 


4.1. INTRODUCTION 


Since the introduction of the S100 Bus standard, 
compatability amongst S100 Bus products has been difficult to 
achieve. The CPZ-186 Single Board Central Processor(SBCP) 
solved these problems by effectively replacing four to five 
boards. By implementing the functions necessary to construct a 
system all on one board, interface and timing problems quickly 
disappeared. One problem, however, remained. The problem was to 
find an effective way of interfacing the SBCP with a great 
variety of peripheral devices without the necessity of modifying 
the SBCP for each devise. In the past, this entailed the 
necessity of modifying the PCB's with etch cuts and straps. This 
usually resulted in unattractive modifications to say nothing of 
the resultant inflexability for later integrating still other 
peripheral devices. This problem was effectively solved by 
customizing the peripheral interfaces through "personality" 
boards. Thus, the floppy, serial and parallel interfaces were 
brought out to connectors at the top of the board and those 
interfaces were tailored through small printed circuit boards 
connected to the’ main board by ribbon cables. In short, a 
personality board is a small circuit board containing line 
drivers/receivers, logic and other circuitry required to connect 
the CPZ-186 SBCP I/O controllers (Floppy Disk, Serial Controller 
and Parallel Controller) to a variety of peripheral devices. 


ICM'S PERSONALITY BOARDS offer a very versatile, cost 
effective technique for peripheral interface. The personality 
boards mount on the back of your system's mainframe or chassis. 
Whenever you decide to change peripherals or protocols, all you 
have to do is change the small, inexpensive personality board - 
not make expensive and complicated changes to your CPU board. ICM 
has existing PERSONALITY BOARDS and Software Drivers for most 
peripherals and protocols on the market today. New PERSONALITY 
BOARDS are constantly being developed as new peripherals enter 
the market. 
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PERSONALITY BOARDS are not only cost effective and 
inexpensive, they also protect the CPZ-186 SBC whenever new or 
different peripherals are placed on your system. First, since the 
buffers and drivers necessary to interface to the peripherals are 
on the personality board and not on the CPZ, there is no need to 
make costly and complicated cuts or jumpers on the CPZ. Second, 
any current surges on the communication lines between the CPZ and 
the peripheral will blow the surge suppressors on the Personality 
Board and not the CPZ. Thus you only have to replace a small, 
inexpensive board not a large, expensive SBC board. 


Typical S-100 Bus chassis provide DB25 connector cutouts at 
the chassis rear. The personality boards are designed to mount 
on DB25 connectors which in turn are mounted in the cutouts. In 
this manner, the personality boards do not require additional S- 
100 Bus slots and are conveniently mounted within the chassis. 
An additional connector is provided to connect the personality 
board to the SBCP. The connection is made with a simple point-— 
to-point flat ribbon cable. See figure 1. 


Intercontinental Micro Systems Corporation invites you, our 
valued customer, to submit your interface requirements if they 
are not covered by the line of personality boards available. Our 
engineering staff will evaluate those requirements and advice you 
of the feasibility of constructing your custom personality board. 
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4.2. Personality Board Interconnection Instructions 


The CPZ-186 has four connectors at the top of the board numbered 
J1 through J4. These are listed below: 


J1 =- FDC Connector 
J2 — DART/SIO Port A Connector 
J3 = DART/SIO Port B Connector 
J4 —- PIO Connector 


Tables A through D describe signal pin assignments for connectors 
J1 through J4 respectively. 


At a minimum, the FDC and DART/SIO Port B personality boards 
must be installed. The instructions follow: 


1.— Select a DB25 connector cutout at the rear of the chassis 
for the FDC personality board. 

2.- Insert and hold the FDC personality board in the cutout. 
External to the chassis, plug in the desired connector 
adaptor and hold in place. 

3.- Install #6 nuts, washers and bolts passing the bolts ; 
through the connector adapter and through the personality 
board's DB25 connector. 

4.- Install the flat ribbon cable provided at the personality 
board and at the CPZ-186, connector Ji. 

5-- Follow the above procedure, except that an adapter is not 
used, for the DART/SIO Port B personality board. 

6.- Install cables from the chassis connectors to the 
respective peripherals. 
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Table A 


TABLE 4-1: Connector J1 Pin Assignments 


PIN NO. SIGNAL NAME DESCRIPTION 
1 INT7* INTERRUPT (LEVEL 7) TO CPU 
2 DS1* DRIVE SELECT #1 FROM CPU 
3 GND GROUND 
4 DS2* DRIVE SELECT #2 FROM CPU 
5 GND GROUND 
6 DS3* DRIVE SELECT #3 FROM CPU 
7 GND GROUND 
8 DS4* DRIVE SELECT #4 FROM CPU 
9 GND GROUND 

10 DIRC DIRECTION CONTROL FROM CPU 
11 GND GROUND 

12 STEP STEP CONTROL FROM CPU 

13 GND GROUND 

14 WRITE DATA WRITE DATA FROM CPU 

15 GND ; GROUND 

16 WGATE WRITE GATE FROM CPU 

17 GND GROUND 

18 TRACK O* TRACK O STATUS TO CPU 

19 GND GROUND 

20 WRITE PROT* WRITE PROTECT TO CPU 

21 GND GROUND 

22 READ DATA* READ DATA TO CPU 

23 GND GROUND 

24 SSO SIDE SELECT OUTPUT FROM CPU 
25 GND GROUND 

26 HLD HEAD LOAD COMMAND FROM CPU 
27 GND GROUND 

28 INDEX* INDEX PULSE TO CPU 

29 GND GROUND 

30 READY READY STATUS TO CPU 

31 GND GROUND 

32 MOTOR ON MOTOR ON STATUS FROM CPU 
33 GND GROUND 

34 TK43 TRACK 43 STATUS FROM CPU 
35 GND GROUND 

36 +8VDC +8VDC 

37 GND GROUND 

38 HLTIMER HEAD LOAD TIMER TO CPU 
39 GND GROUND 

40 +5VDC +5VDC 
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Table B 


PIN NO. SIGNAL NAME DESCRIPTION 

1 ADSR* DATA SET READY TO CPU 

2 ATXC* TRANSMIT CLOCK TO/FROM CPU 
3 ARXC* RECEIVE CLOCK TO/FROM CPU 
4 ATxD TRANSMIT DATA FROM CPU 

5 ARxD RECEIVE DATA TO CPU 
6 ARTS* REQUEST TO SEND DATA FROM CPU 
t ACTS* CLEAR TO SEND TO CPU 

8. ADCD* DATA CARRIER DETECT TO CPU 

9 ADTR* DATA TERMINAL READY FROM CPU 
10 ARNG* RINGING INDICATOR TO CPU 
11 ABRCLK BAUD RATE CLOCK FROM CPU 
12 GND GROUND 

13 +16VDC +16VDC 
14 -16VDC -16VDC 

15 +5VDC +5VDC 

16 GND GND 


Information contained herein is Proprietary to I.C.M. Corp. Pg. 50 


CPZ-186 CPU Manual Manual Revision 1.1 of 3/2/25 


TABLE C 


PIN NO. SIGNAL NAME DESCRIPTION 

1 BDSR* DATA SET READY TO CPU 

2 BIXc* TRANSMIT CLOCK TO/FROM CPU 
3 BRXC* RECEIVE CLOCK TO/FROM CPU 
4 BIxD TRANSMIT DATA FROM CPU 

5 BRxD RECEIVE DATA TO CPU 

6 BRTS* REQUEST TO SEND DATA FROM CPU 
7 BCTS* CLEAR TO SEND TO CPU 

8 BDCD* DATA CARRIER DETECT TO CPU 

9 BDTR* DATA TERMINAL READY FROM CPU 
10 BRNG* RINGING INDICATOR TO CPU 
11 BBRCLK BAUD RATE CLOCK FROM CPU 
12 GND GROUND 

13 +16VDC +16VDC 

14 -16VDC -16VDC 

15 +5VDC +5VDC 

16 GND GND 
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TABLE D 


PIN NO. SIGNAL NAME DESCRIPTION 
1 RDYA PORT A READY TO PERIPHERAL 
2 STBA* PORT A STROBE TO CPU 
3 RDYB PORT B READY TO PERIPHERAL 
4 STBB* PORT B STROBE TO CPU 
5 DOA PORT A DATA BIT O 
6 DiA PORT A DATA BIT 1 
7 D2A PORT A DATA BIT 2 
8 D3A PORT A DATA BIT 3 
g D4A . PORT A DATA BIT 4 
10 DD5A PORT A DATA BIT 5 
me D6A PORT A DATA BIT 6 
12 D7A PORT A DATA BIT 7 
13 DOB PORT B DATA BIT O 
14 DiB PORT B DATA BIT 1 
15 D2B PORT B DATA BIT 2 
16 D3B PORT B DATA BIT 3 
17 D4B PORT B DATA BIT 4 
18 D5B : PORT B DATA BIT 5 
19 D6B PORT B DATA BIT 6 
20 D7B PORT B DATA BIT 7 
21 RESET* SYSTEM RESET FROM CPU 
22 GND GROUND 
23 PINT* PARALLEL PORT INTERRUPT TO CPU 
24 GND GROUND 
25 PCLK PARALLEL PORT CLOCK FROM CPU 
26 +5VDC +5VDC 
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4.2.1. Description 


Each personality board shall be described in the following 
sections. A brief functional description, interface 
requirements, mating connector requirements and set-up 
instructions, where applicable, are given for each board. 


KEKKEKHKHHEKHHEE 


* WARNING * 


KEKKEEKKKHKEEHE 


Do not install or remove any personality board 
while the CPZ-186 SBCP or the CPS-MX SBSP power is 
on. This may result in damage to the personality. 
board and/or the CPU board. 
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4.20121. RS232/NO MODEM 
PART NUMBER - RPB100 
FUNCTION 


The RS232/NO MODEM Personality Board provides RS232 drivers 


and receivers, terminations and jumper options to interface any 
simple RS232 device such as CRT terminals, serial printers or 
any other serial device not requiring an extensive handshake 
protocol. 


This module may be used with either the CPZ-186 SBCP or the 
CPS—-MX SBSP. 


Information contained herein is Proprietary to I.C.M. Corp. Pg. 54 


CPZ-186 CPU Manual Manual Revision 1.1 of 3/2/25 


INTERFACE REQUIREMENTS 
Connects to J2 or J3 of the CPZ-186 or the CPS—-MX. 


J1(CPU) 
PIN NO. SIGNAL NAME DESCRIPTION 
1 DSR* DATA SET READY TO CPU 
2 n/c n/c 
3 n/c n/c 
4 TxD TRANSMIT DATA FROM CPU 
5 RxD RECEIVE DATA TO CPU 
6 RTIS* REQUEST TO SEND DATA FROM CPU 
T cTs* CLEAR TO SEND TO CPU 
8 DCD* DATA CARRIER DETECT TO CPU 
9 DIR* DATA TERMINAL READY FROM CPU 
10 RNG* RINGING INDICATOR TO CPU 
11 n/c n/c 
12 GND GROUND 
13 +16VDC +16VDC 
14 -16VDC -16VDC 
15- +5VDC +5VDC 
16 n/c n/c 
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J2 (PERIPHERAL) 
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PERSONALITY BOARD CONNECTORS MATING CONNECTORS 


J1 - ANSLEY 609-1617 


J2 - CANNON DB25P-731 


ANSLEY 609-1630 (ICM SUPPLIED) 
CANNON DB 25S-731 (CUSTOMER SUPPLIED) 
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SET UP INSTRUCTIONS 


Three Jumper Areas are provided: JA, JB and JC. Refer to the 
figure below for the following set-up instructions: 


[ JA/JB/JC ] area 


JA JB JC 
tenn t—— + +——-+-—=+ 
1 Ort: OL Oe 
! ( s | ' | 
| | ! ! | | 
240) 07 7:0 70 | 
DP bo iby AR Oe 
S Peers O° >. O04 
+--—+----~---- +——=+ 


The CPU may be required to provide handshaking with the 
peripheral through the signal "DCD". If that handshaking signal 
is required, connect pin 2 to pin 3 with the jumper provided. If 
no handshaking signal is required , connect pin 2 to pin i. 


JB 


The CPU may required to provide handshaking with the 
peripheral through the signall "CTS". Furthermore, it may accept 
the signals "DTR" or "SRTS" through the input "CTS". The 
following options are available: 


JB Configuration 
1A-2A no handshaking provided to peripheral at "CTS" 
2A-3A peripheral's "CTS" activated by CPU's "DTR" 
3A—3B not used ; 
3B—3C no handshaking provided to CPU's "CTS" by peripheral's 
"DER cor “SRIS" 
2C-3C peripheral's "DTR" or "SRIS" activates CPU's "CTS" 
1C-2C peripheral's "DTR" or "SRITS" activates CPU's "DSR" 
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The peripheral may provide either of two handshaking signals 
"SRTS" or "DTR". This jumper may select either signal as the 
source to the CPU's "CTS" or "DSR" inputs. 


To connect "DTR" handshaking which is on pin 20 of the 
RS232/C interface, connect JC-1 to JC-2. 


To connect "SRTS" handshaking which is on pin 19 of the 
RS232/C interface, connect JC-2 to JC-3. 


EXAMPLES 
1) Configure JA, JB and JC as follows for a simple terminal 
interface: 
JA = 1-2 
JB = 1A-2A / 3B-3C 


JC none required 


2) Configure JA, JB and JC as follows for an Anadex Serial 
Printer, model DP-9501 


JA = 2-3 
JB = 1A-2A / 2C0-3C 
JC = 2-3 
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4.2.1.2. RS232/FULL MODEM 
PART NUMBER -— MPB100 
FUNCTION 
The RS232C/FULL MODEM PERSONALITY BOARD provides RS232 
drivers/receivers and jumper options to interface asynchronous or 
synchronous modems with varying types of bit oriented protocols 
such as IBM Bi-Sync, HDLC or SDLC. dumpers provided enable the 


user to configure the board for either asynchronous or 
synchronous operation. 


This module may be used with either the CPZ-186 SBCP or the 
CPS-MX SBSP. ; 


INTERFACE REQUIREMENTS 
Connects to Ji or J2 of the CPZ-186 or the CPS-MX. 


CPU (J1) 
PIN NO. SIGNAL NAME DESCRIPTION 
1 DSR* DATA SET READY TO CPU 
2 n/c n/c 
5 n/c n/c 
4 TXD TRANSMIT DATA FROM CPU 
5 RXD RECEIVE DATA TO CPU 
6 RIS* REQUEST~TO-SEND FROM CPU 
7 cTs* CLEAR-TO-SEND TO CPU 
8 DCD* DATA CARRIER DETECT TO CPU 
. 9 DTIR* DATA TERMINAL READY FROM CPU 
10 RNG* RINGING INDICATOR TO CPU 
11 n/c n/c 
12 GND GROUND 
13 +16VDC +16VDC 
14 -16VDC -16VDC 
15 +5VDC +5VDC 
16 n/c n/c 
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J2(PERIPHERAL) 
PIN NO. SIGNAL NAME DESCRIPTION 

1 SAFETY GND SAFETY GROUND 

2 TXD TRANSMIT DATA TO PERIPHERAL 

5 RXD RECEIVE DATA FROM PERIPHERAL 

4 RTS* REQUEST-TO-SEND TO PERIPHERAL 

5 cTs* CLEAR-TO-SEND FROM PERIPHERAL 

6 DSR* DATA SET READY FROM PERIPHERAL 

ee POWER GND POWER GROUND 

8 DCD* DATA CARRIER DETECT FROM PERIPHERAL 

9 n/c n/c 

10 n/c n/c 

11 n/c n/c 

12 n/c n/c 

13 n/c n/c 

14 n/c n/c 

15 TXCLK* TRANSMIT CLOCK TO PERIPHERAL 

16 n/c n/c 

17 RXCLK* RECEIVE CLOCK FROM PERIPHERAL 

18 n/c n/c 

19 n/c n/c 

20 DTR* DATA TERMINAL READY TO PERIPHERAL 
21 n/c n/e 

22 RNG* RINGING INDICATOR FROM PERIPHERAL 
"23 n/c n/c 

24 BAUD CLK BAUD CLOCK TO PERIPHERAL 

25 n/c n/c 


CONNECTOR REQUIREMENTS 


PERSONALITY BOARD CONNECTORS MATING CONNECTORS 
J1 - ANSLEY 609-1617 ANSLEY 609-1630 (ICM SUPPLIED) 
J2 - CANNON DB25P-731 CANNON DB 25S-731 (CUSTOMER SUPPLIED) 
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SET UP INSTRUCTIONS 


The board may be configured for either asynchronous or 
synchronous modem requirements. 


a) Asynchronous Modems 


PJB, PJC, PJD, PJE and PJF are all open. 


b) Synchronous Modems 


Connect PJE and PJF only. 


2) CPZ-186 OR CPS-MX SUPPLY TRANSMIT CLOCK 


Connect PJC, PJD and PJE of MPB100O only. 


Note: If using CPZ-186 Port A of the SIO, 
cut PJB A=-B and B-C. : 


If using CPZ-186 Port B of the SIO, 
cut PJC. 


If using CPS-MX Port A of the SIO, 
cut PJA A=B and B-C. 


If using CPS-MX Port B of the SIO, 
cut PJB. 


3) CPZ-186 OR CPS-MX SUPPLY BAUD RATE CLOCK 


Same as (2) above except that on the MPB100, 
PJB is connected instead of PJC and PJF is 
disconnected. 


ec) If safety ground of the modem is to be tied to logic 
ground. connect PJA on the MPB1OO. 
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4.2.1.3. RS422 SERIAL COMMUNICATIONS 
PART NUMBER - FTT100 


FUNCTION 


The FTT100 personality board provides RS422 differential line 
drivers and receivers. These balanced drivers and receivers can 
provide serial communications for distances of up to 4000 feet at 
@ communications rate of 100 kbits/second. This assumes that 24 
AWG twisted pair cable is used. Higher rates may be attained for 
shorter cable lengths. If the CPU's DART/SIO controller is used 
in synchronous communications mode at its maximum rate of 800 
kbits/second, the maximum cable length recommended is 325 feet. 
Drivers and receivers are provided for all signals of the SIO to 
support full handshake protocols. 


The FTT100 in combination with the Long Distance Serial 
Personality Board (LDS100), provides a means of connecting 
terminals, printers and other RS232 serial devices remotely 
located from the CPU mainframe. CPU-TO—-CPU communications may 
also be set-up over long distances by using the FIT100 at both 
CPUs. In this case, the interconnecting cable is cross-connected 
to tie receiver-to-transmiter and tansmiter-—to-receiver devices. 
No cross-connection is required between the FTT100 and the 
LDS100. 


Jumper options are provided to minimize the number of cable 
lines required if no handshaking signals are required as in the 
case of simple RS232 Terminals where only transmit and receive 
signals are required. Ground is also provided but is not used in 
most cases. 


This module may be used with either the CPZ-186 SBCP or the 
CPS-=MX SBSP. 
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INTERFACE REQUIREMENTS 
Connects to J1 or J2 of the CPZ-186 or the CPS—MX. 


J1(CPU) 
PIN NO. SIGNAL NAME DESCRIPTION 
1 DSR* DATA SET READY TO CPU 
2 TXC * TRANSMIT CLOCK FROM CPU 
3 n/c n/c 
4 TXD TRANSMIT DATA FROM CPU 
5 RXD RECEIVE DATA TO CPU 
6 RIS* REQUEST-TO-SEND FROM CPU 
7 cTSs* CLEAR-TO-SEND TO CPU 
8 . DCD* DATA CARRIER DETECT TO CPU 
9 DTR* DATA TERMINAL READY FROM CPU 
10 n/e n/c 
11 BRCLK BAUD RATE CLOCK FROM CPU 
12 GND GROUND 
13 +16VDC +16VDC 
14 -16VDC -16VDC 
15 +5VDC +5VDC 
16 n/c n/c 
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J2( TERMINAL) 
PIN NO. SIGNAL NAME DESCRIPTION 
1 TXD HI TRANSMIT DATA HIGH to terminal 
2 RTS HI REQUEST-TO-SEND HIGH to terminal 
3 DfR HI DATA TERMINAL READY to terminal 
4 RXD HI RECEIVE DATA HIGH from terminal 
5) CTS HI CLEAR-TO-SEND HIGH from terminal 
6 Sync HI SYNC HIGH from terminal 
7 DCD HI DATA CARRIER DETECT HIGH from terminal 
8 BAUDCLK HI BAUD RATE CLOCK HIGH to terminal 
9 TXC HI TRANSMIT CLOCK HIGH from terminal 
10 n/c n/c 
11 n/c n/c 
12 n/c n/c 
13 GND GROUND 
14 TXD LO TRANSMIT DATA LOW to terminal 
15 RTS LO REQUEST-TO-SEND LOW to terminal 
16 DTR LO DATA TERMINAL READY LOW to terminal 
1 a RXD LO RECEIVE DATA LOW from terminal 
18 cTS LO CLEAR-TO-SEND LOW from terminal 
19 SYNC LO SYNC LOW from terminal 
20 DCD LO DATA CARRIER DETECT LOW from.terminal 
21 BAUDCLK LO BAUD RATE CLOCK LOW to terminal 
22 TXC LO TRANSMIT CLOCK LOW from terminal 
23 n/c n/c: 
24 n/e n/e 
25 GND GROUND 
CONNECTOR REQUIREMENTS 
PERSONALITY BOARD CONNECTORS MATING CONNECTORS 
J1 —- ANSLEY 609-1617 ANSLEY 609-1630.(ICM SUPPLIED) 
J2 —- CANNON DB25P-731 CANNON DB 25S—731 (CUSTOMER SUPPLIED) 
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SET UP INSTRUCTIONS 


SIMPLE TERMINAL 


To provide less interconnecting lines for terminal not 
requiring full handshake protocol, jumper PJ1 2-to-3 and PJ2 
2-to-3. Provide twisted pair lines for TXD and RXD only. 


FULL PROTOCOL 


To provide for full handshaking, jumper PJ1 1-to-2 
and PJ2 i-to-2. Provide twisted pair lines for the 
Signals required. 


SYNCHRONOUS TERMINAL . 


To use CPZ-186 Port A of the SIO, 
cut PJB B-C on the CPZ-186. 


To use CPS-MX Port A of the SIO, 
cut PJA B-C on the CPS—MX. 
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4.2.1.4. LONG DISTANCE SERIAL COMMUNICATIONS 
PART NUMBER - LDS100 
FUNCTION 


The LDS100 personality board provides RS422 differential line 
drivers and receivers. These balanced drivers and receivers can 
provide serial communications for distances of up to 4000 feet at 
a communications rate of 100 kbits/second. This assumes that 24 
AWG twisted pair cable is used. Drivers and receivers are 
provided to support full handshake protocols. 


The LDS100 in combination with the RS422 Serial 
Communications Personality Board (FTT100), provides a means of 
connecting terminals, printers and other RS232 serial devices 
remotely located from the CPU mainframe. Jumper options are 
provided to minimize the number of cable lines required if no 
handshaking signals are required as in the case of simple RS232 
Terminals where only transmit and receive signals are required. 
Ground is also provided but is not used in most cases. 


AC power must be provided to the board. The board may be 
strapped for either 115VAC/60HZ or 230 VAC/50HZ operation. 
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INTERFACE REQUIREMENTS 


Ji connects to RS422 Personality Board via long distance cable. 
J2 connects to RS232 serial device with standard RS232 cable. 


J1(RS422 INTERFACE) 


PIN NO. SIGNAL NAME DESCRIPTION 
1 TXD HI TRANSMIT DATA HIGH to terminal 
2 RTS HI REQUEST-TO-SEND HIGH to terminal 
3 DIR HI DATA TERMINAL READY to terminal 
4 RXD HI RECEIVE DATA HIGH from terminal 
5 cTS HI CLEAR-TO-SEND HIGH from terminal 
6 SYNC HI SYNC HIGH from terminal 
7 DCD HI DATA CARRIER DETECT HIGH from terminal 
8 BAUDCLK HI BAUD RATE CLOCK HIGH to terminal 
) TXC HI TRANSMIT CLOCK HIGH from terminal 
10 n/c n/c 
11 n/c n/c 
12 n/c n/c 
13 GND GROUND 
14 TXD LO TRANSMIT DATA LOW to terminal 
15 RIS LO REQUEST-TO-SEND LOW to terminal 
16 DTR LO DATA TERMINAL READY LOW to terminal 
17 RXD LO RECEIVE DATA LOW from terminal 
- 418 cTs LO CLEAR-TO-SEND LOW from terminal 
19 SYNC LO SYNC LOW from terminal 
20 DCD LO DATA CARRIER DETECT LOW from terminal 
21 BAUDCLK LO BAUD RATE CLOCK LOW to terminal 
22 TXC LO TRANSMIT CLOCK LOW from terminal 
23 n/e n/e 
24 n/c n/c 
25 GND GROUND 
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J2( PERIPHERAL) 
PIN NO. SIGNAL NAME DESCRIPTION 
1 SAFETY GND ' SAFETY GROUND 
2 TXD TRANSMIT DATA TO PERIPHERAL 
5 RXD RECEIVE DATA FROM PERIPHERAL 
4 RTS* REQUEST-TO-SEND TO PERIPHERAL 
5 CcTSs* CLEAR=TO-SEND FROM PERIPHERAL 
6 DSR* DATA SET READY FROM PERIPHERAL 
4 POWER GND POWER GROUND 
8 n/c n/c 
9 n/c n/c 
10 n/c n/e 
11 RESERVED RESERVED FOR SPECIAL USE HANDSHAKE 
12 n/c n/c 
13 n/c n/c 
14 n/c n/c 
15 TXCLK* TRANSMIT CLOCK FROM PERIPHERAL 
16 n/c n/e 
17 n/c , n/c 
18 n/c n/c 
19 SRIS* SECONDARY REQUEST~TO-SEND FROM PERIPHERAL 
20 DTR* DATA TERMINAL READY TO PERIPHERAL 
21 n/c n/c 
22 n/c n/c 
25 : n/e n/c 
24 BAUDCLK BAUD CLOCK TO PERIPHERAL 
25 n/c n/c 
CONNECTOR REQUIREMENTS 
PERSONALITY BOARD CONNECTORS MATING CONNECTORS 
J1 - CANNON DB25S-731 CANNON DB25P-731 ees eee 
J2 —- CANNON DB25S-731 ; CANNON DB25P—-731 (CUSTOMER SUPPLIED 


Information contained herein is Proprietary to I.C.M. Corp. Pg. 68 


CPZ-186 CPU Manual Manual Revision 1.1 of 3/2/25 


SET UP INSTRUCTIONS 
(1)AC POWER SET-UP 


The LDS100 may be configured to operate with 115VAC/60HZ or 
230VAC/50HZ through jumper options. Use 18 or 16 AWG wire for 
jumpers in this setting. 


To configure the LDS100 for 115VAC, solder two jumpers. One 
is soldered at JD 1-to-2 and the other is soldered at JD 3-to-4. 


To configure the LDS100 for 230VAC, solder one jumper at JD 
2-to-3 e 


AC power may now be installed. Connect AC HI and AC LO in 
the indicated solder pads. Connect SAFETY GROUND to the pad 
marked "CH". 


(2)SAFETY GROUND CONNECTION 


Solder a strap in jumper area JC if Safety Ground should be 
connected to Power Ground. 


(3)SIMPLE TERMINAL(NO HANDSHAKING) SET-UP 


Most terminals do not require handshaking for RS232/C 
communication. In this case, no jumpers are required in jumper 
areas JA and JB. Connect receive and transmit data lines only 
between the FTT100 and the LDS100 boards. 


(4) TERMINAL/PRINTER(FULL HANDSHAKING) 


Connect JA in accordance with the type of handshaking signal 
required to be transmited to the CLEAR-TO-SEND input of the CPU. 
The options are as follows: 


JA handshake signal 


al-to-bi request-—to-send(RTS) 

a2-to-b2° manufacture defined. 
a3-to-b3 secondary request—to-send(SRTS) 
a4-to-b4 data terminal ready(DTR) 


Connect JB if DATA TERMINAL READY(DTR) is required to be 
connected to the DATA CARRIER DETECT(DCD) signal of the CPU. 
Connect all corresponding signal lines from FTT100 to the LDS100. 
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4.2.1.5. FLOPPY DISK CONTROLLER 
PART NUMBER — FPB158-XY 
FUNCTION 


The FLOPPY DISK CONTROLLER personality board provides line 
drivers and receivers, terminators and logic to interface either 
an 8=-inch or a 5 1/4-inch or both 8-inch and 5 1/4=-inch floppy 
disk drives with the CPZ-186 SBCP. A DB25 connector is 
available as the means to interface with the drive interface; 
however, if other types of commonly used connectors are required, 
adapters are available to tailor the interface appropriately. 


This module is used ONLY on the CPZ-186 SBCP. It is not to 
be used with the CPZ48000 SBCP. 


HHH KKK EKKKEEEEREEK 


* * 
* WARNING * 
a * 


KHKEKKEKHEEKEEKEHEREK 


THE FPB158-XY BASE BOARD MUST NOT BE CONNECTED TO THE MODEL 
CPZ48000 SBCP AS DAMAGE MAY RESULT TO THE SBCP. NOTE HOWEVER 
THAT THE FPB100-11 OR THE FPB100-22 ADAPTERS MAY BE USED WITH THE 
FPBi58-XY BASE BOARD. THE FPBi58-30, AN ADAPTER WHICH 
ACCOMMODATES BOTH 5 1/4- INCH EDGE CARD AND 8-INCH HEADER 
CONNECTORS, IS TO BE USED ONLY WITH THE FPB158-XY BASE BOARD. 
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INTERFACE REQUIREMENTS 


FPB158—XY 
PIN NO. SIGNAL NAME 

1 n/c 

2 DS1* 

3 n/c 

4 DS2* 

5 GND 

6 DS3* 

7 GND 

8 DS4* 

9 GND 

10 DIRC 

11 GND 
12 STEP 

13 GND 

14 WRITE DATA 
15 GND 

16 WGATE 

17 GND 

18 TRACK O* 
19 GND 
20 WRITE PROT* 
21 GND 
22 READ DATA* 
23 GND 
24 SSO 
25 GND 
26 HLD 
27 GND 
28 INDEX* 
29 GND 
30 READY 

31 GND 
32 MOTOR ON 
53 GND 
34 TK43 

35 GND 
36 5*/8 

37 GND 

38 HLTIMER 
39 GND 
40 +5VDC 
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J1(CPU) 
DESCRIPTION 
n/c 
DRIVE SELECT #1 FROM CPU 
n/c 


DRIVE SELECT #2 FROM CPU 
GROUND 

DRIVE SELECT #3 FROM CPU 
GROUND 

DRIVE SELECT #4 FROM CPU 
GROUND 

DIRECTION CONTROL FROM CPU 
GROUND 

STEP CONTROL FROM CPU 
GROUND 

WRITE DATA FROM CPU 
GROUND 

WRITE GATE FROM CPU 
GROUND 

TRACK O STATUS TO CPU 
GROUND 

WRITE PROTECT TO CPU 
GROUND 

READ DATA TO CPU 

GROUND 

SIDE SELECT OUTPUT FROM CPU 
GROUND 

HEAD LOAD COMMAND FROM CPU 
GROUND 

INDEX PULSE TO CPU 
GROUND 

READY STATUS TO CPU 
GROUND 

MOTOR ON STATUS FROM CPU 
GROUND 

TRACK 43 STATUS FROM CPU 
GROUND 

DRIVE SIZE SELECT 

GROUND 

HEAD LOAD TIMER 

GROUND 

+5VDC 
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J2(MODIFIED DRIVE INTERFACE) 


PIN NO. SIGNAL NAME DESCRIPTION 
1 DSi* DRIVE SELECT #1 to DRIVE interface 
2 DS2* DRIVE SELECT #2 to DRIVE interface 
3 DS3* DRIVE SELECT #3 to DRIVE interface 
4 DS4* DRIVE SELECT #4 to DRIVE interface 
o DIRC* DIRECTION CONTROL to DRIVE interface 
6 STEP* STEP CONTROL to DRIVE interface 
4 WRITE DATA* WRITE DATA to DRIVE interface 
8 WRITE GATE* WRITE GATE to DRIVE interface 
9 TRACK O * TRACK O STATUS from DRIVE interface 
10 WRITE PROT* WRITE PROTECT STATUS from DRIVE interface 
11 READ DATA* READ DATA to DRIVE inerface 
12 SSO* SIDE SELECT OUTPUT to DRIVE interface 
13 HEAD LOAD* HEAD LOAD COMMAND to DRIVE interface 
14 INDEX* INDEX PULSES from DRIVE interface 
15 READY* READY STATUS from DRIVE interface 
16 MOTOR ON* MOTOR ON COMMAND to DRIVE interface 
17 TK435* TRACK 43 STATUS to DRIVE interface 
18 n/c n/c . 
19 n/c n/c 
20 GND GROUND 
21 GND GROUND 
22 GND GROUND 
23 GND GROUND 
24 GND GROUND 
25 GND GROUND 
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ADAPTER FPB100—1 1 
Connects to FPB100 or FPB158 Personality Board. 
J1 (MODIFIED DRIVE INTERFACE) 


PIN NO. SIGNAL NAME DESCRIPTION 
1 DSsi* DRIVE SELECT #1 to DRIVE interface 
2 DSs2* DRIVE SELECT #2 to DRIVE interface 
3 DS3* DRIVE SELECT #3 to DRIVE interface 
4 DS4* DRIVE SELECT #4 to DRIVE interface 
5 DIRC* DIRECTION CONTROL to DRIVE interface 
6 STEP* STEP CONTROL to DRIVE interface 
7 WRITE DATA* | WRITE DATA to DRIVE interface 
8 WRITE GATE* WRITE GATE to DRIVE interface 
9 TRACK O * TRACK O STATUS from DRIVE interface 
10 WRITE PROT* WRITE PROTECT STATUS from DRIVE interface 
1 READ DATA* READ DATA to DRIVE inerface 
12 SSsO* SIDE SELECT OUTPUT to DRIVE interface 
13 HEAD LOAD* HEAD LOAD COMMAND to DRIVE interface 
14 INDEX* INDEX PULSES from DRIVE interface 
15 READY* READY STATUS from DRIVE interface 
16 MOTOR ON* MOTOR ON COMMAND to DRIVE interface 
17 TK43* TRACK 43 STATUS to DRIVE interface 
18 GND GROUND 
19 GND GROUND 
20 GND GROUND 
21 GND GROUND 
22 GND GROUND 
23 GND GROUND 
24 GND GROUND 
25 GND GROUND 


Information contained herein is Proprietary to I.C.M. Corp. Pg. 73 


CPZ-186 CPU Manual 


ADAPTER FPB100—11 


Manual Revision 1.1 of 3/2/25 


J2(8-INCH DRIVE INTERFACE) 


PIN NO. SIGNAL NAME 
1 GND 
2 TK435* 
3 GND 
4 n/c 
5 GND 
6 n/c 
a GND 
8 n/c 
9 GND 
10 n/c 
11 GND 
12 n/c 
13 GND 
14 SSO 
15 GND 
16 -n/e 
17 GND 
18 HEAD LOAD* 
19 GND 
20 INDEX* 
21 GND 
22 READY* 
23 GND 
24 MOTOR ON* 
25 GND 
26 DSi* 
27 GND 
28 DS2* 
29 GND 
30 DS3* 
41 GND 
32 DS4* 
33 GND 
34 DIRC* 
35 GND 
36 STEP* 
37 GND 
38 WRITE DATA* 
39 GND 
40 WRITE GATE* 


GROUND 

TRACK 43 STATUS to DRIVE interface 
GROUND 

n/c 

GROUND 

n/c 

GND 

n/c 

GROUND 

n/c 

GROUND 

n/c 

GROUND 

SIDE SELECT OUTPUT to DRIVE interface 
GROUND 

n/c 

GROUND 

HEAD LOAD COMMAND to DRIVE interface 
GROUND 

INDEX PULSES from DRIVE interface 
GROUND 

READY STATUS from DRIVE interface 
GROUND 

MOTOR ON COMMAND to DRIVE interface 
GROUND 

DRIVE SELECT #1 to DRIVE interface 
GROUND 

DRIVE SELECT #2 to DRIVE interface 
GROUND 

DRIVE SELECT #3 to DRIVE interface 
GROUND 

DRIVE SELECT #4 to DRIVE interface 
GROUND 

DIRECTION CONTROL to DRIVE interface 
GROUND 

STEP COMMAND to DRIVE interface 
GROUND 

WRITE DATA to DRIVE interface 
GROUND 

WRITE GATE to DRIVE interface 
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41 GND 

42 TRACK O * 
43 GND 

44 WRITE PROT* 
45 GND 

46 READ DATA* 
47 GND 

48 n/c 

49 GND 

50 n/c 
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GROUND 

TRACK ZERO STATUS from DRIVE interface 
GROUND ; 

WRITE PROTECT STATUS from DRIVE interface 
GROUND 

READ DATA to DRIVE interface 

GROUND 

n/c 

GROUND 

n/c 
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Connects to FPB100 or FPB158 Personality Board. 


J1(MODIFIED DRIVE INTERFACE) 


PIN NO. SIGNAL NAME 


WRITE DATA* 
WRITE GATE* 
TRACK O * 
WRITE PROT* 
READ DATA* 
SSO* 

HEAD LOAD* 
INDEX* 
READY* 
MOTOR ON* 
TK435* 

GND 

GND 

GND 

21 GND 

22 GND 

ao GND 

24 GND 

25 GND 


CWO OAKHIAW MH OUO ON NAUAU DY 


Nm a ae nt ot ee ot 


DRIVE SELECT #1 to DRIVE interface 
DRIVE SELECT #2 to DRIVE interface 
DRIVE SELECT #3 to DRIVE interface 
DRIVE SELECT #4 to DRIVE interface 
DIRECTION CONTROL to DRIVE interface 
STEP CONTROL to DRIVE interface 
WRITE DATA to DRIVE interface 

WRITE GATE to DRIVE interface 

TRACK O STATUS from DRIVE interface 
WRITE PROTECT STATUS from DRIVE interface 
READ DATA to DRIVE inerface 

SIDE SELECT OUTPUT to DRIVE interface 
HEAD LOAD COMMAND to DRIVE interface 
INDEX PULSES from DRIVE interface 
READY STATUS from DRIVE interface 
MOTOR ON COMMAND to DRIVE interface 
TRACK 43 STATUS to DRIVE interface 
GROUND 

GROUND 

GROUND 

GROUND 

GROUND 

GROUND 

GROUND 

GROUND 
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ADAPTER FPB100-22 
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J2(5 1/4-INCH DRIVE INTERFACE) 


GND 
WRITE DATA* 


WRITE GATE* 


TRACK O * 
GND 

WRITE PROT* 
GND 

READ DATA* 
GND 

SSO* 

GND 

n/e 


GROUND ~ 

n/e 

GROUND 

n/e 

GROUND 

DRIVE SELECT #4 to DRIVE interface 
GROUND 

INDEX* PULSE STATUS from DRIVE interface 
GROUND . 

DRIVE SELECT #1 to DRIVE interface 
GROUND 

DRIVE SELECT #2 to DRIVE interface 
GROUND 

DRIVE SELECT #3 to DRIVE interface 
GROUND 

MOTOR ON COMMAND to DRIVE interface 


GROUND 

DIRECTION CONTROL to DRIVE interface 
GROUND 

STEP COMMAND to DRIVE interface 
GROUND 

WRITE DATA to DRIVE interface 

GROUND 

WRITE GATE to DRIVE interface 

GROUND 

TRACK ZERO STATUS from DRIVE interface 
GROUND 


WRITE PROTECT STATUS from DRIVE interface 
GROUND 

READ DATA to DRIVE interface 

GROUND 

SIDE SELECT OUTPUT to DRIVE interface 
GROUND 

n/c 
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ADAPTER FPB158—30 
Connects to FPB158 Personality Board. 


J1(MODIFIED DRIVE INTERFACE) 


PIN NO. SIGNAL NAME DESCRIPTION 
: DS1* DRIVE SELECT #1 to DRIVE interface 
2 DS2* DRIVE SELECT #2 to DRIVE interface 
3 DS3* DRIVE SELECT #3 to DRIVE interface 
4 DS4* DRIVE SELECT #4 to DRIVE interface 
5 DIRC* DIRECTION CONTROL to DRIVE interface 
6 STEP* STEP CONTROL to DRIVE interface 
7 WRITE DATA* WRITE DATA to DRIVE interface 
8 WRITE GATE* WRITE GATE to DRIVE interface 
9 TRACK O * TRACK O STATUS from DRIVE interface 
10 WRITE PROT* WRITE PROTECT STATUS from DRIVE interface 
11 READ DATA* READ DATA to DRIVE inerface 
12 sso* SIDE SELECT OUTPUT to DRIVE interface 
13 HEAD LOAD* HEAD LOAD COMMAND to DRIVE interface 
14 INDEX* INDEX PULSES from DRIVE interface 
15 READY* READY STATUS from DRIVE interface 
16 MOTOR ON* MOTOR ON COMMAND to DRIVE interface 
17 TK43* TRACK 43 STATUS to DRIVE interface 
18 n/c n/c 
19 n/c n/c 
20 GND GROUND 
21 GND GROUND 
22 GND GROUND 
23 GND GROUND 
24 GND GROUND 
25 GND GROUND 
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J2(8-INCH DRIVE INTERFACE) 


GND 

n/c 

GND 

SSO 

GND 

n/c 

GND 

HEAD LOAD* 
GND 

INDEX* 

GND 

READY* 

GND 

MOTOR ON* 
GND 

DS1* 

GND 

DS2* 

GND 

DS3* 

GND 

DS4* 

GND 

DIRC* 

GND 

STEP* 

GND 

WRITE DATA* 
GND 

WRITE GATE* 


GROUND 
TRACK 43 STATUS to DRIVE interface 
GROUND 


n/e 

GROUND 

n/c 

GND 

n/c 

GROUND 

n/c 

GROUND 

n/¢e 

GROUND 

SIDE SELECT OUTPUT to DRIVE interface 
GROUND 

n/c 

GROUND 

HEAD LOAD COMMAND to DRIVE interface 
GROUND 

INDEX PULSES from DRIVE interface 
GROUND 

READY STATUS from DRIVE interface 
GROUND 

MOTOR ON COMMAND to DRIVE interface 
GROUND 

DRIVE SELECT #1 to DRIVE interface 
GROUND 

DRIVE SELECT #2 to DRIVE interface 
GROUND 

DRIVE SELECT #3 to DRIVE interface 
GROUND 

DRIVE SELECT #4 to DRIVE interface 
GROUND. 

DIRECTION CONTROL to DRIVE interface 
GROUND 

STEP COMMAND to DRIVE interface 
GROUND 

WRITE DATA to DRIVE interface 
GROUND 

WRITE GATE to DRIVE interface 
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41 GND 

42 TRACK O * 
43 GND 

44 WRITE PROT* 
45 GND — 

46 READ DATA* 
47 GND 

48 n/c 

49 GND 

50 n/c 


Manual Revision 1.1 of 3/2/25 


GROUND 

TRACK ZERO STATUS from DRIVE interface 
GROUND 

WRITE PROTECT STATUS from DRIVE interface 
GROUND 

READ DATA to DRIVE interface 

GROUND 

n/c 

GROUND 

n/c 
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ADAPTER FPB158-30 
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J3(5 1/4-INCH DRIVE INTERFACE) 


MOTOR ON* 
GND 

DIRC* 

GND 

STEP* 

GND 

WRITE DATA* 
GND 

WRITE GATE* 
GND 

TRACK O * 
GND 

WRITE PROT* 
GND 

READ DATA* 
GND 

SSs0* 

GND 

n/e 


DESCRIPTION 
GROUND 
n/c 
GROUND 
n/c 
GROUND 
DRIVE SELECT #4 to DRIVE interface 
GROUND 
INDEX* PULSE STATUS from DRIVE interface 
GROUND 
DRIVE SELECT #1 to DRIVE interface 
GROUND 
DRIVE SELECT #2 to DRIVE interface 
GROUND 
DRIVE SELECT #3 to DRIVE interface 
GROUND 
MOTOR ON COMMAND to DRIVE interface 


GROUND 

DIRECTION CONTROL to DRIVE interface 
GROUND 

STEP COMMAND to DRIVE interface 
GROUND 

WRITE DATA to DRIVE interface 

GROUND 

WRITE GATE to DRIVE interface 

GROUND 

TRACK ZERO STATUS from DRIVE interface 
GROUND 


WRITE PROTECT STATUS from DRIVE interface 
GROUND 

READ DATA to DRIVE interface 

GROUND 

SIDE SELECT OUTPUT to DRIVE interface 
GROUND 

n/c 
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CONNECTOR REQUIREMENTS 


Use the following table to determine the type of mating 
connector to use: 


CONFIGURATION PART NUMBER CONNECTOR TYPE 
8-INCH OR 5 1/4-INCH W/O ADAPTER FPB158 CANNON DB23S-731 
8-INCH/HEADER PLUG ADAPTER FPB1 00-11 ANSLEY 609-5017 
5 1/4-INCH/EDGE CONNECTOR ADAPTER FPB100-22 AMP 840-225F-A34-1 
8 OR 5 1/4-INCH ADAPTER FPB158—-30 ANSLEY 609-5017 


& AMP 840-225F-A34~-1 


FPB158 MATING CONNECTORS 


2 Ce Oe ee es a ee a ee ee a Oe a oe ee oe ee NS SD COS ED SS SE AY NS ED SD SS SE CS ED NS NS OS CY CD SD ES AEA SSE SS UE STD ES NS aD 


J1 - ANSLEY 609-4017 ANSLEY 609-4030 (ICM SUPPLIED) 
J2 - CANNON DB25S8-731 CANNON DB25P-731 (*see note below) 


FPB100—11 MATING CONNECTORS 


Ji = CANNON DB25P-731 CANNON DB25S-731 (ICM SUPPLIED) 
J2 - ANSLEY 609-5017 ANSLEY 609-5030 (CUSTOMER SUPPLIED) 


FPB100-22 MATING CONNECTORS 

J1 — CANNON DB25P-731 CANNON DB25S-731 (ICM SUPPLIED) 

J2 - (34 PIN EDGE) AMP 840-225F—A34-1(CUSTOMER SUPPLIED) 
FPB1 58-30 MATING CONNECTORS 


J1 - CANNON DB25P-731 CANNON DB25S-731 (ICM SUPPLIED) 
J2 - (34 PIN EDGE) AMP 840-225F-A34-1 (CUSTOMER SUPPLIED) 
J3 - ANSLEY 609-5017 ANSLEY 609-5030 (CUSTOMER SUPPLIED) 

* Customer supplied if connecting directly 


to FPBi58. ICM supplied if using FPBIOO-XY 
or FPB158-XY Adapters. 


SET UP INSTRUCTIONS 


None Required. 
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4.2.1.6. CENTRONICS PRINTER 

PART NUMBER — CPI100 ° 
FUNCTION 

The Centronics Printer Personality Board provides line 
drivers, receivers, terminators, jumper options and data strobe 
generator logic to interface to any printer compatible with the 
Centronics parallel interface. 

This module may be used with either the CPZ-186 SBCP or the 
CPS-MX SBSP. 
INTERFACE REQUIREMENTS - 


Connects to J4 of CPZ-186 SBCP or CPS=MX SBSP. 


J1(CPU) . 
PIN NO. ' SIGNAL NAME DESCRIPTION 

1 RDYA READY handshake from CPU, Channel A 
2 STBA STROBE handshake to CPU, Channel A 
5 n/c n/c 

4 n/e n/c 

5 DOA DATA BIT O, Channel A 

6 DIA DATA BIT 1, Channel A 

7 D2A DATA BIT 2, Channel A 

8 D3A DATA BIT 3, Channel A 

9 D4A DATA BIT 4, Channel A 

10 D5A DATA BIT 5, Channel A 

11 D6A DATA BIT 6, Channel A 

12 D7A DATA BIT 7, Channel A 

13 DOB DATA BIT O, Channel B 

14 D1B DATA BIT 1, Channel B 

15 D2B DATA BIT 2, Channel B 

16 D3B DATA BIT 3, Channel B 

17 D4B DATA BIT 4, Channel B 

18 D5B DATA BIT 5, Channel B 

19 D6B DATA BIT 6, Channel B 

20 D7B DATA BIT 7, Channel B 
21 RESET* RESET from CPU (active low) 

22 GND GROUND 

23 n/c n/c 

24 GND GROUND 
25 PCLK 4 MHZ Auxilliary Clock from CPU 
26 +5VDC +5VDC 
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J2(PRINTER) 
PIN NO. SIGNAL NAME DESCRIPTION 

1 DSTR* DATA STROBE to the Printer 

2 DBi DATA BIT 1 to the Printer 

3 DB2 DATA BIT 2 to the Printer 

4 DB3 DATA BIT 3 to the Printer 

5 DB4 DATA BIT 4 to the Printer 

6 DB5 DATA BIT 5 to the Printer 

7 DB6 DATA BIT 6 to the Printer 

8 DB7 DATA BIT 7 to the Printer 

9 DB8 DATA BIT 8 to the Printer 

10 ACK* ACKNOWLEDGE from the Printer 
11 BUSY BUSY Status from the Printer 
12 PE PAPER EMPTY Status from the Printer 
13 SELECT SELECT Status from the Printer 
14 n/c n/c 

15 n/c n/c 

16 n/c n/c 
17 CHASSIS GND Printer Chassis Ground 

18 n/c n/c 

19 SIG GND SIGNAL GROUND 

20 SIG GND SIGNAL GROUND 
2i SIG GND SIGNAL GROUND 
23 SIG GND SIGNAL GROUND 
24 FAULT* FAULT Status from the Printer 
25 INPUT PRIME* RESET to the Printer 
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CONNECTOR REQUIREMENTS 
CPI100 MATING CONNECTORS 


J1 — ANSLEY 609-2617 ANSLEY 609-2630 (ICM SUPPLIED) 
J2 — CANNON DB25S-731 CANNON DB25P-731 (* see note below) 


*NOTE: Customer is to supply cabling from the CPI100 to the 
Centronics compatible printer. If a flat ribbon cable is 
desired, one can be provided by using a flat ribbon type DB25 
connector at one end anda Centronics type connector (AMP 57- 
10360 or equivalent) at the other end. In this case, all pins 
are to be connected at the DB25 end except for pins 24 and 25. 
The software normally does not use the FAULT status and most 
printers have a power-up reset circuit. and do not need subsequent 
reset operations; therefore, pins 24 and 25 are not required and 
a flat ribbon cable will be usable. If all signals are required, 
the customer must use a descrete wire harness to connect all . 
signals. 


SET UP INSTRUCTIONS 


If signal ground is to be connected to chassis ground, solder 
a jumper in jumper area PJA. 


If the CPU is to provide reset signals to the printer, solder 
a jumper in jumper area PJB. 
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4.2.1.7. PRIAM INTELLIGENT HARD DISK 
PART NUMBER — PRI100 
FUNCTION 


PRIAM provides two intelligent hard disk interface 
controllers referred to as the "SMART" and the "SMART-E". These 
are preprogrammed microprocessor based controllers. They. may be 
used for the entire line of PRIAM Winchester disc drives which 
range in capacity from 10 megabytes to 157 megabytes and come in 
eight or fourteen inch packaging. Up to four drives in any 
combination of drive sizes may be interconnected. The 
controllers support a variety of read sector, write sector and 
format commands. Data transfers may be either programmed I/O or 
DMA. The SMART-E has all the features that the SMART has in 
addition to error detection & correction, logical sector 
addressing, sector interleaving, parity generation & testing, 
direct data transfers and a 2 Kbyte data buffer (SMART has a 1 
Kbyte buffer). The interface performs the entire function of 
detailed disc control while presenting to the host a basic and 
cost effective interface. 


The PRI100 Personality Board connects the parallel port of 
the CPZ-186 SBCP or the CPS-MX SBSP to the SMART or SMART-E 
controllers. Thus, a very powerful disc subsystem may be 
directly connected to the ICM line of processors via the PRI100. 


A jumper option is provided on the PRI100 to configure it for 
either the SMART or the SMART~E controller. The controllers 
mount along the drive sides alleviating the need for additional 
S-100 Bus slots. An adapter, PRI100-1, is provided allowing 
direct connection of the PRIi00 to the smart controllers. 


Information contained herein is Proprietary to I.C.M. Corp. Pg. 86 


CPZ-186 CPU Manual Manual Revision 1.1 of 3/2/25 


INTERFACE REQUIREMENTS 
Connects to J4 of either the CPZ-186 SBCP or the CPS-MX SBSP. 


J1 (CPU) 
PIN NO. SIGNAL NAME DESCRIPTION 

1 RDYA READY handshake from CPU, Channel A 
2 STBA* STROBE handshake to CPU, Channel A 
5 n/c n/c 

4 n/c n/c 

5 DOA DATA BIT O, Channel A 

6 DIA DATA BIT 1, Channel A 

7 D2A DATA BIT 2, Channel A 

8 D3A DATA BIT 3, Channel A 

9 D4A DATA BIT 4, Channel A 

10 D5A DATA BIT 5, Channel A 

11 D6A DATA BIT 6, Channel A 

12 D7A DATA BIT 7, Channel A 

13 DOB DATA BIT O, Channel B 

14 DiB DATA BIT 1, Channel B 

15 D2B DATA BIT 2, Channel B 

16 D3B : DATA BIT 3, Channel B 

17 D4B DATA BIT 4, Channel B 

18 D5B DATA BIT 5, Channel B 

19 D6B DATA BIT 6, Channel B 

20 D7B DATA BIT 7, Channel B 
21 RESET* RESET from CPU (active low) 
22 GND GROUND 
23 PINT* PORT INTERRUPT (active low) 
24 GND GROUND 
25 n/c n/c 

26 +5VDC +5VDC 
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J2(MODIFIED PRIAM) 


PIN NO. SIGNAL NAME DESCRIPTION 

1 GND GROUND 

2 HCBUSO ' HOST DATA BUS O 

fo) HCBUS1 HOST DATA BUS 1 

4 HCBUS2 HOST DATA BUS 2 

5 HCBUS3 HOST DATA BUS 3 

6 HCBUS4 HOST DATA BUS 4 

7 HCBUS5 HOST DATA BUS 5 

8 HCBUS6 HOST DATA BUS 6 

9 HCBUS7 HOST DATA BUS 7 

10 GND GROUND 

11 HRD* ENABLE REGISTER TO HOST-BUS 
12 GND GROUND 

13 HWR* ENABLE. HOST-BUS TO REGISTER 
14 GND GROUND 

15 HAD2 HOST ADDRESS BUS 2 

16 HAD1 HOST ADDRESS BUS 1 

17 HADO HOST ADDRESS BUS O 

18 GND GROUND 

19 RESET* RESET TO CONTROLLER 

20 GND GROUND 
21 HIR* HOS? INTERRUPT 

22 DTREQ* DATA TRANSFER REQUEST TO HOST 
23 HREAD* DATA DIRECTION CONTROL TO CONTROLLER 
24 DBUSENA* CONTROLLER-READY TO HOST 

25 BUSREQ* DATA TRANSFER REQUEST TO HOST (SMART-E ONLY) 
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ADAPTER PR1I100-1 
Ji(MODIFIED PRIAM) 


PIN NO. SIGNAL NAME DESCRIPTION 

1 GND GROUND 

2 HCBUSO HOST DATA BUS O 

EP) HCBUS1 HOST DATA BUS 1 

4 HCBUS2 HOST DATA BUS 2 

5 HCBUS3 HOST DATA BUS 3 

6 HCBUS4 HOST DATA BUS 4 

7 HCBUS5 HOST DATA BUS 5 

8 HCBUS6 HOST DATA BUS 6 

9g HCBUS7 HOST DATA BUS 7 

10 GND GROUND 

11 HRD* ENABLE REGISTER TO HOST-BUS 
12 GND GROUND 

13 HWR* ENABLE HOST-BUS TO REGISTER 
14 GND GROUND 

1) HAD2 HOST ADDRESS BUS 2 

16 HAD1 HOST ADDRESS BUS 1 

17 HADO HOST ADDRESS BUS O 

18 GND GROUND ; 

19 RESET* RESET TO CONTROLLER 
20 GND GROUND 

21 HIR* HOST INTERRUPT 
22 DTREQ* DATA TRANSFER REQUEST TO HOST 
23 HREAD* DATA DIRECTION CONTROL TO CONTROLLER 
24 DBUSENA* CONTROLLER=READY TO HOST 

25 BUSREQ* DATA TRANSFER REQUEST TO HOST (SMART-E ONLY) 
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ADAPTER PRI100-1 


J2(PRIAM) 
PIN NO. SIGNAL NAME DESCRIPTION 

1 GND GROUND 

2 HCBUSO HOST DATA BUS O 

3 HCBUS1 HOST DATA BUS 1 

4 HCBUS2 HOST DATA BUS 2 

5 HCBUS3 HOST DATA BUS 3 

6 HCBUS4 HOST DATA BUS 4 

7 HCBUS5 HOST DATA BUS 5 

8 HCBUS6 HOST DATA BUS 6 

9 HCBUS7 HOST DATA BUS 7 

10 GND GROUND 

11 HRD* ENABLE REGISTER TO HOST-BUS 
12 GND GROUND 

13 HWR* ENABLE HOST-BUS TO REGISTER 
14 GND GROUND 

15 HAD2 HOST ADDRESS BUS 2 

16 HAD1 HOST ADDRESS BUS 1 

17 HADO HOST ADDRESS BUS O 

18 GND GROUND 

19 RESET* RESET TO CONTROLLER 
20 GND GROUND 

21 HIR* HOST INTERRUPT 
22 GND GROUND 

23 HREAD DATA DIRECTION CONTROL TO CONTROLLER 
24 DBUSENA* CONTROLLER-READY TO HOST 
25 GND GROUND 
26 DTREQ* DATA TRANSFER REQUEST TO HOST 
at GND GROUND 

28 BUSREQ* DATA TRANSFER REQUEST TO HOST (SMART-E ONLY) 
29 GND GROUND 

30 HCBUSS8 HOST DATA BUS PARITY (SMART-E ONLY) 
31 GND GROUND 

32 RES RESERVED 

22 RES - RESERVED 

34 RES RESERVED 

35 RES RESERVED 

36 RES RESERVED 

37 RES RESERVED 

38 RES RESERVED 

39 RES RESERVED 

40 RES RESERVED 
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CONNECTOR REQUIREMENTS 
PRI100 MATING CONNECTORS 


J1 -— ANSLEY 609-2617 ANSLEY 609-2630 (ICM SUPPLIED) 
J2 — CANNON DB25S-731 CANNON DB25P-731 (* see note below) 


PRI100—1 MATING CONNECTORS 


Se ee ee ae es a a ee Oe OD oe Oe ee oe ee ee OP a CY ES CS DD ND NE SE SN SD MS GD OD NE ES DS SD SS SD SD OD ee eS Se oe 


J1 — CANNON DB25P-731 CANNON DB25S-731 (ICM SUPPLIED) 
J2 — ANSLEY 609-4017 ANSLEY 609-4030 (CUSTOMER SUPPLIED) 


* Customer supplied if connecting directly 
to PRI100. ICM supplied if using PRI100-1 
Adapter. 
SET-UP INSTRUCTIONS 


To configure the PRI100 for the SMART controller, solder a 
jumper on JA from B-to-C. 


To configure the PRI100 for the SMART-E controller, solder a 
jumper on JA from A-to-B. 
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4.2.1.8. SHUGART ASSOCIATES SYSTEM INTERFACE 
PART NUMBER - SAS100 
FUNCTION 


The Shugart Associates System Interface(SASI) defines a Local 
I/O Bus which can be operated at data rates up to 1.5 megabytes 
per second. This bus provides I/0 device independence so that 
disk drives, tape drives, printers and various other peripherals 
may be interfaced on the same I/O bus without modification to the 
host CPU's hardware or software. The interface protocol provides 
for connection of multiple initiators (devices capable of 
initiating an operation) and multiple targets(devices capable of 
responding to requests for operations). Arbitration logic is 
built in and a priority system awards control to the device that 
wins arbitration. 


The SAS100 personality board converts the parallel port of 
either the CPZ-186 SBCP or the CPS-MX SBSP to a SASI I/O bus. 
Software is provided to emit bus timing in conformance with the 
SASI specification. The system integrator may interface SASI 
controllers such as the Data Technology Corporation's, Zebec and 
Sysgen line of controllers. Each have powerful attributes such as 
connecting hard disks with floppies, hard disks with tape 
streamers and connecting to high performance SMD type hard disks. 

The SAS100 personality board is accompanied by an adapter 
board (SAS100-1). This adapter board converts the SAS100 DB25 
connector interface to a 50 pin header connector interface with 
a pin assignment in exact conformance with the SASI Bus 
specification. The integrator may connect directly to the SAS100 
with a DB25-to-SASI Interface cable or may connect via the 
SAS100-1 with a 50 pin flat ribbon cable. 
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INTERFACE REQUIREMENTS 
Connects to J4 of either the CPZ-186 SBCP or the CPS-MX SBSP. 


J1(CPU) 
PIN NO. SIGNAL NAME DESCRIPTION 
1 RDYA READY handshake from CPU, Channel A 
2 STBA* STROBE handshake to CPU, Channel A 
3 RDYB READY handshake from CPU, Channel B 
4 STBB* STROBE handshake to CPU, Channel B 
5 DOA DATA BIT O, Channel A 
6 DIA DATA BIT 1, Channel A 
7 D2A DATA BIT 2, Channel A 
8 D3A DATA BIT 3, Channel A 
9 D4A DATA BIT 4, Channel A 
10 DSA DATA BIT 5, Channel A 
11 D6A - DATA BIT 6, Channel A 
12 D7A DATA BIT 7, Channel A 
13 DOB DATA BIT O, Channel B 
14 DiB DATA BIT 1, Channel B 
15 D2B DATA BIT 2, Channel B 
16 D3B DATA BIT 3, Channel B 
17 D4B DATA BIT 4, Channel B 
18 D5B DATA BIT 5, Channel B 
19 DB6 DATA BIT 6, Channel B 
20 D7B DATA BIT 7, Channel B 
21 n/c n/c 
22 GND GROUND 
23 PINT* PORT INTERRUPT (active low) 
24 GND GROUND 
25 n/c n/c 
26 +5VDC +5VDC 
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J2(MODIFIED SASI) 


1 DO DATA BIT O 
2 De DATA BIT 2 
a D4 DATA BIT 4 
4 D6 DATA BIT 6 
5 GND GROUND 

6 BSY* BUSY 

ii ACK* ACKNOWLEDGE 
8 RST* RESET 

g MSG* MESSAGE 

10 SEL* SELECT 

11 c/D* CONTROL/DATA 
12 REQ* REQUEST 

13 I/0* INPUT/OUTPUT 
14 D1 DATA BIT 1 
15 D3 DATA BIT 3 
16 D4 DATA BIT 5 
17 D7 DATA BIT 7 
18 GND GROUND 

19 GND GROUND 

20 GND GROUND 
21 GND GROUND 

22 GND GROUND 

23 GND GROUND 

24 GND GROUND 

25 - GND GROUND 
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APAPTER SAS100—1 
Connects to J2 of the SAS100 Personality Board. 
Ji(MODIFIED SASI) 


PIN NO. SIGNAL NAME DESCRIPTION 

1 DO DATA BIT O 

2 D2 DATA BIT 2 

3 D4 DATA BIT 4 

4 D6 DATA BIT 6 

2 GND GROUND 

6 BSY* BUSY 

7 ACK* ACKNOWLEDGE 
8 RStT* RESET 

9 MSG* MESSAGE 

10 SEL* SELECT 

11 c/D* CONTROL/DATA - 
12 REQ* REQUEST 

13 I/0* INPUT/OUTPUT 
14 D1 DATA BIT 1 
15 D3 DATA BIT 5 
16 D4 DATA BIT 5 
17 D7 DATA BIT 7 
18 GND GROUND 

19 GND GROUND 

20 GND GROUND 
21 GND GROUND 

22 GND GROUND 

23 GND GROUND 

24 GND GROUND 


25 GND GROUND 
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ADAPTER SAS100—1 


J2(SASI) 
PIN NO. SIGNAL NAME DESCRIPTION 

1 GND GROUND 

2 DBO DATA BIT O 
b) GND GROUND 

4 DB1 DATA BIT 1 
5 GND GROUND 

6 DB2 DATA BIT 2 
T GND GROUND 

8 DB3 DATA BIT 3 
9 GND GROUND 

10 DB4 DATA BIT 4 
11 GND : GROUND 

12 DB5 DATA BIT 5 
13 GND GROUND 

14 DB6 DATA BIT 6 
15 GND GROUND 

16 DB7 DATA BIT 7 
17 GND GROUND 

18 n/u n/u 

19 GND GROUND 

20 n/u n/u 

21 GND ; GROUND 

22 n/u n/u 

23 GND GROUND 

24 n/u n/u 

25 GND GROUND 

26 n/u n/u 

27 GND GROUND 

28 n/u n/u 

29 GND GROUND 

30 n/u n/u 

44 GND | GROUND 

32 n/u n/u 

33 GND GROUND 

34 n/u n/u 

55 GND GROUND 

36 BSY* BUSY 

37 GND GROUND 

38 ACK* ACKNOWLEDGE 


a2 GND GROUND 
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40 Rol* RESET 

41 GND GROUND 

42 MSG* MESSAGE 

43 GND GROUND 

44 SEL* SELECT 

45 GND GROUND 

46 c/D* CONTROL/DATA 
47 GND GROUND 

48 REQ* REQUEST 

49 GND GROUND 

50 I/0* INPUT/OUTPUT 
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CONNECTOR REQUIREMENTS 
SAS100 MATING CONNECTORS 


J1 - ANSLEY 609-2617 ANSLEY 609-2630 (ICM SUPPLIED) 
J2 ~ CANNON DB25S-731 CANNON DB25P-731 (*see note below) 


SAS1 00-1 MATING CONNECTORS 


J1 - CANNON DB25P-731 CANNON DB25S-731 (ICM SUPPLIED) 
J2 ~ ANSLEY 609-5017 ANSLEY 609-5030 (CUSTOMER SUPPLIED) 


* Customer supplied if connecting directly 
to SAS100. ICM supplied if using SAS100-1 
Adapter. 


SET-UP INSTRUCTIONS 


(none required) 
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4.2.1.9. PERSONALITY BOARD - CLOCK/CALENDAR 
PART NUMBER -— CCB100 
FUNCTION 


The CCB1i00 provides a highly accurate real time clock which 
may be set by the CPZ-186 SBCP or the CPS-MX SBSP under software 
control. The time of year, month, day, hour, minute and second 
is maintained and may be read back by the CPU. A Ni-Cad battery 
is used to provide backup power to the time control chip. In 
this manner the real time clock is continously maintained even 
during extensive down time. This feature is quite useful for 
point-of-sale systems, inventory systems and other applications 
where continous clock monitoring is required. This board is also 
very useful in operating systems which feature date and time 
stamping such as TurboDOS. In a TurboDOS based system, this 
board may be connected to the master (CPZ-186) parallel port or 
may be connected to any one slave (CPS-MX) parallel port. 
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CPU (J1) 
PIN NO. SIGNAL NAME 
1 n/c n/c 
2 GND GROUND 
3 n/c n/e 
4 n/c n/c 
5 DOA DATA BIT 
6 DIA DATA BIT 
7 D2A DATA BIT 
8 D3A DATA BIT 
9 GND GROUND 
10 GND GROUND 
“41 GND GROUND 
12 GND GROUND 
13 DOB DATA BIT 
14 DiB DATA BIT 
15 D2B DATA BIT 
16 D5B DATA BIT 
17 D4B DATA BIT 
18 D5B DATA BIT 
19 D6B DATA BIT 
20 D7B DATA BIT 
21 n/c n/c 
22 GND GROUND 
23 n/c n/c 
24 GND GROUND 
25 n/c n/c 
26 +5VDC +5VDC 
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J1(CPU) - Ansley 609-2617 or equivalent 
SETUP INSTRUCTIONS 


No hardware setup instructions are required, software 
instructions follow. 


The CCB-100 can be used under CP/M by attaching the 
personality board to the parallel port of the CPZ-186 and using 
the CLKSETM program to set the time and DSPCLKM to display the 
time. 


Under the TurboDOS operating system the CCB-100 clock module 
can be placed on the CPZ-186 master or any CPS-MX slave 
processor. 


If the CCB is on the CPZ-186 the user can set the time by 
using the program CLKSETM. The time can-be displayed by executing 
the program DSPCLKM. The CCB can automatically be read as system 
date and time when the module MSTRCLK is included in the sys file 
that is loaded into the CPZ-186. 


If the CCB is on the CPS-MX slave processor the user can set 
the time by using the program CLKSETS. The time can be displayed 
by executing the program DSPCLKS. The CCB can automatically be 
read as system date and time when the program SLVCLK.AUT is 
executed as a TurboDOS cold start program. There is no problem 
executing the program if the card is not attached, since it will 
Simply return to the operating systen. 
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5. CRT TERMINAL SET-UP INSTRUCTIONS 


Firmware in the CPZ-186 is structured to communicate with RS232 
terminals and with the terminals set-up in a particular fashion. 
The terminals must be set-up as described below otherwise 
booting-up the CPZ-186 will not be possible. The description 
given is for CP/M configurations only. Refer to the " TurboDOS 
Users Guide" manual for instructions on setting-up terminals for 
TurboDOS based systems: 


number of stop bits = 
number of data bits = 
parity bit = not used 


2 
8 


When the CPZ-186 is shipped configured for CP/M, a PROM monitor 
is installed which stores firmware to examine the baud rate of 
the terminal. The user must strike the "return" key function 
until the CPZ-186 adjusts itself to the rate set-up on the 
terminal. The baud rates which may be set-up on the terminal are 
listed below: 


Baud Rate 
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6. HARD DISK COMPATABILITY GUIDE 


Two general methods exist for integrating hard disk drives with 
the CPZ-186. The system integrator may install hard disk drives 
through the parallel port using personality boards which 
interface to various intelligent hard disk controllers. fhe 
other option is to install an IEEE hard disk controller in the 
S100 Bus. Each are discussed below: 


6.1. PARALLEL PORT INTERFACE 
The following personality boards are available: 
~PRIAM INTELLIGENT HARD DISK PERSONALITY BOARD [ PRI100 ] 


Compatible with "SMART" or "SMART-E" 
Priam Intelligent Hard Disk controller. 
These controllers interface any PRIAM 
drive ranging in capacity from 10 to 157 
megabytes and in 8 or 14 inch packaging. 


-SHUGART ASSOCIATES SYSTEMS INTERFACE (SASI) PERSONALITY 
BOARD [ SAS100 ] 


Compatible with boards from the following 
manufactures: 


-XEBEC Systems, Inc. 
-Data Technology, Corp. 
-Sysgen, Inc. 


Any SASI compatible controller should 
interface with the SAS100. Some boards 
provide features others don't. For 
example, a XEBEC board allows SMD 
removable hard disk drives whereas the 
Sysgen controller interfaces S1T506 drives 
on the same bus astape streaming drives. 
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6.2. S100 BUS 


Any hard disk controller which is IEEE 696.D2 compatible may be 
integrated with the CPZ-186. CP/M and TurboDOS drivers are 
available for the MONITOR DYNAMICS, INC. hard disk controller. 
TurboDOS drivers are also available for the ADES GYPSY hard 
disk/tape backup controller and the KONAN SMC200 Removable 
Cartridge hard disk drive controller. In any case, the only 
condition imposed is that the controller be compatible with the 
IEEE specification. 


Much experience has been gained in the field with the MONITOR 
DYNAMICS hard disk controller and has received wide acceptance. 
Benchmarks have proven this controller to be the fastest inits 
catagory. To assist in the integration of this controller, the 
following instructions are given: 


The CPZ-186 communicates with the Monitor Dymnamics Modules 1010, 
1012 , 1016 or 1013 using I/0 port 10 hex and interrupt vector 6 
on the S-100 bus. The CPZ-186 must be configured to detect 
interrupt vector 6 (see JUMPER OPTIONS-JF section). To enable 
the Monitor Dynamics controller to communicate and issue 
interrupts, place jumpers as follows: 


6.2.1. MD1010 & MD1013 JUMPER OPTIONS 


SEC 
SIZE 
0 0 
rome) SRO: 1:2 °3-4 5 6:7 765 4 BD 
©000000000 0 0 0 oO ADDR 
rome) Pt | tt 
0000000000 0000 
00 
ed 
rome) 
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6.2.2. MD1013/1016 Drive List 


The Monitor Dynamics 1013 controller uses the program TESTMD1.COM 
to format, verify and set the disk paramater block for the hard 


disk drive being used. 


The model 1013 is being directly sold and 


supported by I.C.M. and will control the following 5 1/4" drives: 


Manafacture 


Quantum 

Ampex Corp. 
Seagate Technology 
cdc 

Micropolis 

Evotek 

Vertex 

Shugart Associates 
Shugart Associates 
Computer Memories 
Rotating Memories 
Memorex/Fujitsu 
Memorex/Fujitsu 
Olivetti 

IMI 

Miniscribe Corp. 


3020/3033/3046 

R201 /202/203/204 
TM602/TM603/TM502/TM503 
Q2020/30/40/80 (8 inch) 
PYXIS 7/13/20/27 
$1506/406/412/418 
9415-5 (WREN) 
1303/1303/1304 
ET-5510/ET~5520/ET-5530/EY-5540 
V¥130/V150/V170 

SA1002/1004 (8 Inch) 
$A602/604/606 
CM5206/5412/5619 
RM504/509/513/518 
MRX101/102 (8 inch) 
MRX306/310/512/513/514 
HD561/1,/2,/3 
5006H/5012H/5018H 

II oy III (3006,3012) 
Iv (2012 


For other controller models or Hard disk drives please feel free 
to contact Richard Turner or Gary Clinard at Monitor Dynamics 
Ine., 1121 West 9th Street, Upland CA (714)985-7214. 
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7. SOFTWARE SECTION | 


This section of the manual describes the Software Interface 


for the CPZ-186. 


The 16-bit master uses a powerful 80186 processor to 
orchestrate the S-100 network. It operates at 8-Mhz with no 
onboard wait-states required. It comes standard with 256K of 
memory, which is expandable to 1 megabyte with the addition of 
256*1K dynamic RAM chips and a prom. Its advantage as a network 
server over an 8-bit master is not only the increased word size 
and speed, but also its abundance of onboard memory. It can now 
handle any size operating system without sacraficing TPA space. 
The onboard caching buffers can also be increased to an amount 
which is more suitable for system disk buffering. With the 1 
megabyte option, 700k can be alotted for buffers. As with the 
rest of ICM's products, the 16-bit master can be used with the 
.rest of our existing products, including 8-bit slaves. 


Before bringing up the system, go over the Bus Voltage Check 
discussed at the beginning of the manual. The board will boot up 
using the configuration 'I' 80186 boot diskette. If using a 
Monitor Dynamics Hard Disk controller, there is a 16-bit version 
of the format program available on the ICM-UTILITIES diskette 
named TESTMD.CMD. The configuration 'I' diskette also comes with 
a 16-bit assembler(TASM.CMD) and a linker program which replaces 
the 8-bit GEN command(TLINK.CMD). 


f ABLE 7—i: File extensions used in 16—bit TurboDOS 


299992? .CMD = <n ee > 16-bit executable commands 
ar ar a ae ae 0 ern’ > 16-bit relocatable files 
298889 A mee > 16-bit source files 


Both 8 and 16-bit files can exist on the same drive since 
both operating systems will default to their own extensions. Only 
the 16-bit operating system will look for: .CMD files when 
executing a command. For good housekeeping, it is a good idea to 
keep the .REL and .O files on seperate users. 
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8. CPZ-186 MASTER MULTI-USER SYSTEM CHANGES 
8.1. Software Modifications 


The GEN files for the CPZ-186 based system are very similar 
to the 8-bit versions presented earlier. The PAR files are very 
similar as well. The major difference between the 8-bit and the 
16-bit versions is that to denote a HEX (base 16) number has to 
be preceded with a Ox, and word (16 bit wide) number or address 
are in [] instead of (). 


Listed below is an example of the port assignment table for the 
slaves: 


8=bit PATCSA = 7F,7E,7C 

16=bit PATCSA = Ox7F,Ox7E,Ox7C 
The Ox tells the linker TLINK to take the next number as a hex 
value. If the Ox is not supplied, the number is assumed to be. 


decimal. 


Below is an example of the CPZ-186 as a multi-user master 
supporting 8-bit and 16-bit slaves: 


;CPZMST16.GEN CPZ-186 NETWORK MASTER 


STDMASTR ; STANDARD 16-Bit Multi-User OS 

3; NETREQ ; Support module for Despooling/Networking 
; MSGFMT ; " it it " " 
3; NETLOD 7 . tt " " tt " 
; NETFWD ; " " '" " t 
PATCH ; SYSTEM PATCH AREA 

RTICCPZ 3; RTC DRIVER MODULE 

CPMSUP ; CP/M-86 SUPPORT MODULE 

MSTCPZ 3; MEMORY DESCRIPTOR TABLE 

NITCPZ 3; HARDWARE INITIALIZATION 

CONREM ; Use remote console for slaves 
3CON192 ; NULL 19.2K BAUD CONSOLE DRIVER 
3CON96 ; NULL 9600 BAUD CONSOLE DRIVER 
SPDCPZ 3; SERIAL/PARALLEL I/O DRIVER 

LSTCTS ; LIST CLEAR-TO-SEND DRIVER 

3; LSTPAR 3; LIST PARALLEL DRIVER 

DSKCPZ 3; CPZ-16 Floppy disk driver module 


TurboLAN Network Driver Module 


’ 
DSKFMT8 ; ICM 8" TurboDOS disk format tables 
MD131DRV ; Monitor Dynamics MD-1013 with 1 drive 
3MD1352DRV ; Monitor Dynamics MD-1013 with 2 drives 
MCDCPS ; 16 Bit Master/Slave circuit driver module 
> 


; LANCPZ 
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;CPZMST16.PAR CPZ-186 NETWORK MASTER 


SRHDRV 
COMPAT 
AUTUSR 
CONAST 


PATCSA 


SSTCSA 


PTRAST 
QUEAST 


LDCOLD 
; COLDFN 
LDWARM 


OSMLEN 
NMBUFS 
BUFBAS 
BUFLEN 
MEMTBL+ 
BFLDLY 


FLSRT = 
DSKAST 
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OxFF ; Search Default System Drive 
OxF8 ; Compatibility Flags 
0x80 ; Auto Logon to User O Privileged 


Ox01,CONDRA ; Assign Console to channel 1 serial 


Ox7F,Ox7E,0x7D,0x7C ; Status port table for CPS-MX) 
Ox7B,0x7A,0x79,0x78 ; (default values) 
Ox3F,O0x3E,0x3D,0x3C ; Status port table for CPS-16 
Ox3B,0x3A,0x39,0x38 ; (default values) 


"3B " ; O/S suffix table for CPS-MX 
"ZZZZZZZ2" ; O/S suffix table for CPS-16 
0x00,LSTDRA ; assign printer to port 00 
0x00, (0x0000) 


0x00 . ; Cold start autoload flag 


= 0,"2DTIMEM CMD"; Init TurboDOS Date/Time function 
0x00 ; Warm start autoload flag 
- (1024) ; allow 16K for Dyn. expansion 
128 ; Number of disk buffers 
(Ox2000) ; 16K memory segment reserved 
(8192) ; paragraphs to reserve 
= (Ox1FFF-0x0050) : define memory we have for 0/S 
(0x64) ; Flush buffers every 2 seconds 
0x01 ; 6ms step rate 


’ 
0x01, DSKDRB,Ox00,DSKDRA ,OX01 , DSKDRA, OX02,DSKDRA 
BE cee soOs en on cone) OED eroece) ee een 
OXFF, (OXO000) , OXFF, (OX0000) ,OXFF, (OX0000) , OXFF, (OX0000 
OXFF, (OX0000) , OXFF, (OX0000) , OXFF, (OX0000) , OXFF, (OX0000) 


CPZ-186 MASTER MULTI-USER SYSTEM CHANGES 
8.2. Hardware Modifications 


The CPZ-186 TurboDOS software is set up to occupy the first 
16 64K pages of memory, which is equal to 1 megabyte in length. 
In a system that had been using the 8-bit CPZ-48000, the slaves 
will have to be re-addressed since their old settings will 
conflict with the new master's address space usage. The CPZ-186 
dedicates the first MEG of ram to internal use even if the larger 
RAM chips are not installed. Commencing at the 1 MEG boundary, a 
CPS-MX 8-bit will occupy the next 64K, and the CPS-16 will start 
at the same base address, but extend over the next 4 64K pages. 
Having all the slaves at the same address is possible since only 
one slave is active at a time. The activation to triggered via 


' their unique I/0 port number. 


4 Megabytes Total . Address Lines 
>+---------------- +--+ + 
a | 
oe ee | 
cg > ! 
i | 
' | 
ane i + 11 0000 0000 0000 0000 0000 
ee OS ae es a | 
12 ARCNET 
= = ee | 10 1111 1111 1000 0000 0000 
1G 
ié 
fh) ea + 10 0000 0000 0000 0000 0000 
| 
i 1 
12 SLAVES 
i> 
4} | 
£20 tonnnnmnamnaa=n====—===-+ 01 0009 0000 0000 0000 0000 
1 a 2 Sto Fy 4 
14 CPzZ-186-—~~—---.- 
| | Usb | 
10 ASW | 


AO +-------~~----~---~--+00 0000 0000 0000 0000 0000 


TABLE 81: CPZ-186 Memory Usage Map 
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You will need a de-wire wrapping tool or a pair of tweezers and ] 
some jumpers to make the Extended Addressing Select changes: : 
8-BIT SLAVES | 
CPS-MX or CPS-BMX | | 
Using CPZ4800x: Using CPZ-186: | 
A235 A16 A23 A16 
00000 0 0 O50, 0-0. 00) 06 | 
t { | I ! t ! ' ' | / t ! ! 
' { | I l t J | | ' ( 1 t | 
ON OF 3. Ors OF Oe 9 000 0 0 0 0 90 
16-Bit SLAVES | 
CPS-16 
Using CPZ4800x: Using CPZ-186: J 
A16 A20 A16 ~ A20 | 
0 0 0 0 0 0 0 0 0 0 
i te ee ee ba 
0 0:0 0 00. 0 0 -0 I 
LANS100 i 
S-100 ARCnet controller in memory mapped mode I 
Using CPZ4800x: Using CPS-16: 
O----O A23 O----0 A23 q 
Q----0 0---=0 
Q----0 0 0) 
0----0 0----0 qj 
0 0 0 0 
0 ¢) 0 ¢) 
0 ¢) 0 0) 
0 O A16 0) O A16 
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8.3. 16 Bit Slaves 


The 16-bit CPZ-186 works without modification with our 8-bit 
Slave boards but have a slight modification to any CPS-16A REV A 
boards you may have must be incorporated in order to run reliably 
with the CPZ-186. Cut the trace between pins 4 and 5 of Ui18 on 
the back of the board. Also cut the trace leading to pin 2 of 
U37on the back of the board. Add a jumper wire from U37 pin 4 to 
U18 pin 4 and also a jumper from U18 to pin 5 to U67 (7418240) 
pin 8. Also jumper PJM should be changed to alloOw for 16-bit 
transfers by cutting the horizontal trace on the back and adding 
a jumper to the two vertical pads. 


Configuring a system with 16-bit slaves is very similar to 
8-bit slaves. The main difference is the Relocatable modules are 
called *.0 files instead of *.REL files. Another difference is 
that all values in the parameter files have to be preceded witha 
Ox to distinguish it as a HEX value; the default base-is decimal. 
All 16-bit executable commands have a tail defaulting at *.CMD. 
There is a Z80 emulator on the MUTD-G disk called TZ80.CMD. This 
will enable you to run most CP/M-80 programs from a 16-bit slave. 
Because each command needs to run through the emulator, you can 
expect a substantial decrease in speed especially with screen 
intensive programs. To exit the emulator, press the "break" and 
n’G° keys. 


The 16-bit slave uses the "CPSSLV16" Gen and Par files 
available on the MUTD-G diskette. This can be modified on either 
an 8-bit editor or a 16-bit editor. Since this is a 16-bit 
operating system, it can only be linked on a 16-bit processor. It 
is a good rule of thumb to link this file before modifying the 
master Gen and Par files. TLINK.CMD will replace the GEN.COM on 
the 16-bit slave: 


OA}TLINK CPSSLV16 OSSLAVEZ.SYS 


The diskette already has an "OSSLAVEZ.SYS" file on it which 
only assumes a 9600 baud terminal with 8 data bits, 2 stop bits, 
and no parity. The "CPZMASTR.PAR" already has this suffix 
included in its slave suffix table at port address 
SF, 5E,35D,35C,5B,3A,59 and 38: 


PATCSA = 7F,7E,7D,7C ; Status port table for CPS-MX 
7B, 74,79,78 
3F,35E,3D,3C ; Status port table for CPS-16 
3B, 5A,359,58 

’ 

SSTCSA = " a ; O/S suffix table for CPS-MX 
"ZZZZZ220" ; O/S suffix table for CPS-16 
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Below is an example CPSSLV16 Gen and Par File with a Direct 


Printing 


CPSSLV16. 


STDSLAVE 
PATCH 
SOMCPS 
RICNUL 
CPMSUP 
MSTCPS 
NITCPS 
3CON192 
CON96 
SPDCPS 
LSTCTS 
; LSTPAR 
RESCPS 
SCDCPS 


CPSSLV16. 


USRSOM 
SRHDRV 
COMPAT 
AUTUSR 


3 
ATNCHR 
RESKEY 
CONAST 
FFCHR 


PTRAST 
PRTMOD 


LDCOLD 
LDWARM 


Local Serial Printer: 
GEN 


Standard 16 Bit Slave 0/S Module 

Include system patch area 

I.C.M. Slave Sign-on Module 

Null RTC driver module 

CP/M-86 Support Module 

16 Bit Memory Descriptor Table 

16 Bit Slave hardware init module 

; Include Null 19.2K baud Terminal Driver 
Include Null 9600 baud Terminal driver 
Include Serial I/O driver 

Include Serial List Clear to Send driver 
; Include Parallel List Null Driver 

; 16 Bit Slave Keyboard Reset Module 

; 16 Bit Slave Circuit Driver Module 


woe We we CO we we we 


we We we 


PAR 


OXOD,OX0A,"ICM CPS-16 SLAVE" . 

OxFF ; Search Default System Drive 
OxF8 ; Compatibility Flags 

Ox80 ; Auto Logon to User O Privileged 


Ox0O0 ; Define Attention Char as BREAK Key 

OXO0O ; Define the reset detection key 
Ox01,CONDRA 3; Assign Console to channel 1 serial 
OxiA ; Console form feed character 


Ox00,LSTDRA ; Local printer as A 
0 ; Print Mode = Direct 


Ox0O ; Cold start autoload flag ar eye me atret 
Ox0O ; Warm start autoload flag (O=disabled,FF=enabled 


:TurboDOS V1.4x Patches 


;Patch # 


1 «41-2 


CINTRY+0X41 = OXEQ, [PATCH] 
PATCH = OX31,0XCO, 0X89, OXC3,0XC3 


Patch # 


PLFCN+0X39 


1.41-3 
[ PATCH+0X05 ] 


PATCH+0X05 = OXC7, 0X06, BASPAG—OX1 28, 0X00, OX00, OXEQ, [ INCMOB ] 
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8.3.1. One Megabyte 16 Bit Slaves 


With the availability of the 256k*1 dynamic RAM chips, the 
CPS-16 can hold up to 1 Megabyte, with the addition of a PAL 
#(310-04) in IC location U66. For this example, we'll use the 
name OSSLAVE1.SYS for the 1 Megabyte Slave. 


As described in Appendix B, the Processor Reset Memory 
segment table needs to be modified in the CPZMASTR.PAR so that it 
knows where the last 64k is on the slave: 


CPZMASTR. PAR 

AUTUSR = 80 ; Auto Log-on to user one, privileged 
SRHDRV = OFF 3; Search system disk for command files 
i meneues EP Using CBRO V1. 5° Only eeasoneseao ee rs 

; Must be the same in Slave files 

;COMPAT = OB8 ; If using CB-80 V1.3 | 

;CPMVER = 22 3; Inhibit CB-80 Record Locking ' 

joece---- ELSE using CB-80 V1.4 -—---------------- + 


: Must be the same in Slave files ; 
COMPAT = OF8 3; File/Record Locking Flags H 
s;CPMVER = 30 ; Allow CB-80 Record Locking i 


j too - - - - - +--+ = + 
; 
NMBUFS = OA ; Default number of Disk Buffers (hex) 
BUFSIZ = 03 ; Default disk buffer size 
MEMRES = (0400) ; Dynamic Memory Expansion of TurboDOS 
PATCSA = 7F,7E,7D,7C  ; Status port table for CPS-MX 
7B, 7A,79,78 
3F,35E,3D,3C ; Status port table for CPS-16 
3B,35A,359,38 
| SSTCSA Sow “i ; O/S suffix table for CPS-MX 
"1Z1ZZZZ2" ; O/S suffix table for CPS-16 
PRM86A =). 5995) De 2D 80D 3; Processor Reset Memory Table 
OE, 5,0E,3,545,555 
NMBCKT = 2 
CONAST = 0O1,CONDRA 3; Console on port 1 of CPZ-48000 
STOPBB = 44 
PTRAST = 00,LSTDRA ; List assignment table 
= 44 


STOPBA 
(Rest of File omitted) 
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As shown in Appendix B, the Memory Table Variable has to be 
changed in the CPSSLV16.PAR file: 


CPSSLV16.PAR 

USRSOM = OXOD,OXOA,"ICM CPS-16 SLAVE" 

SRHDRV = OxFF ; Search Default System Drive 

COMPAT = OxF8 ; Compatibility Flags 

AUTUSR = 0x80 ; Auto Logon to User O Privileged 

ATNCHR = 0x00 ; Define Attention Char as BREAK Key 

RESKEY = OXOO ; Define the reset detection key 

CONAST = 0x01,CONDRA ; Assign Console to channel 1 serial 

FFCHR = Oxi1A 3; Console form feed character 

MEMTBL+3 = [0x0000-0x50] ;Memory table for 1MByte slave 

PTRAST = 0x00,LSTDRA 

PRTMOD = 0 

LDCOLD = 0x00 ; Cold start autoload flag fees peepee 
LDWARM = 0x00 ; Warm start autoload flag (O=disabled,FF=enabled 


: TurboDOS Vi.4x Patches 
;Patch # 1.41-2 


CINTRY+0X41 = OXEQ, [PATCH] 
PATCH = OX31,0XCO,0X89,0XC3,0XC3 


;Patch # 1.41-3 


PLFCN+0X39 = [PATCH+OX05] | 
PATCH+0X05 = OXC7, 0X06, BASPAG—OX128, 0X00, 0X00, OXEQ, [ INCMOB 


This example shows the i1-Megabyte,16-bit slaves at I/O port 
3F and 3D. Type in TPA to verify. 
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8.3.2. Mixing 8 And 16 Bit Slaves 


The suffix table supplied with the CPZMASTR.PAR file has 
already made provisions for mixing 8 and 16-bit slaves. The 
Master Circuit Driver is set up to address the first eight 8-bit 
slaves and the first eight 16-bit slaves: 


PATCSA = 7F,7E,7D,7C ; Status port table for CPS-MxX 
7B,74,79,78 
3F,35E,3D,3C ; Status port table for CPS-16 
3B, 3A,359,38 

; . 

SSTCSA = " " ; O/S suffix table for CPS-MX 


"ZZZZZ2Z22" ; O/S suffix table for CPS-16 


The Circuit Initialization routine will go to the bus and 
scan for the number of slaves present in a system, so the number 
of slaves does not have to be modified in the CPZMASTR.PAR as in 
the older versions of Turbo-Dos. The 8=bit slaves are defaulted 
as OSSLAVE.SYS (no suffix) and the 16-bit slaves are defaulted as 
OSSLAVEZ.SYS (Z suffix). This enables you to bring up a basic 
Turbo-Dos operating system with no modifications. 


If you need to include more than eight 8-bit slaves or more 
than eight 16-bit slaves in your system, you will need to include 
the Slave Master Circuit Driver twice. When you gen the CPZMASTR 
with two drivers, it will give you a duplicate symbol error, but 
it will still link that module in corectly. A second Port 
Assignment Table and Suffix Table will also have to be patched. 
Refer to the example below: .ii more than 16 slaves 


CPZMASTR.GEN 
STDMASTR ; Standard networking master 
PATCH ; Include PATCH Module 

’ 

b 


FASLOD ; Use fast disk loader module 

;NETREQ ; Network request module 

sMSGFMT ; Message format module 

CPMSUP ; CP/M function support module 

CONREM ; Use remote console module 

3;CON192 s Null 19.2 Kbaud Console Driver 

;CON96 ; Null 9600 Baud Console driver 

NITCPZ 3; CPZ-48000 hardware initialization 

SPDCPZ ; CPZ-48000 Serial and Parallel I/0 

LSTCTS ; TI810 CTS Driver (LSTDR@ assigned to LSTDRA) 
;LSTPAR ; Parallel Printer driver (CPI-100 centronics board) 
RTCCPZ ; CPZ-48000 real time clock driver 

;MSTRCLK 3; Include ICM ecb board drvr to set TurboDOS date/time 
DSKCPZ ; CPZ-48000 floppy disk driver 

DSKFMT8 ; Disk specification tables for 8-INCH diskettes 
3MD131DRV ; Monitor Dynamics Model #1013 with 1 drive installed 
3MD132DRV ; Monitor Dynamics Model #1013 with 2 drive installed 
MCDCPS ; 1st CPZ-48000 / CPS-MX Master Circuit Driver 

MCDCPS 3; 2nd CPZ-48000 / CPS-MX Master Circuit Driver 
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CPZMASTR. PAR 

AUTUSR = 80 ; Auto Log-on to user one, privileged 

SRHDRV = OFF ; Search system disk for command files 
anemia i? Usihe: CB260 Vics Only. Ssseeeecuc chee +\ 

; Must be the same in Slave files \ "Don't forget 
;COMPAT = OB8 ; If using CB-80 V1.3 + the patches for 
;CPMVER = 22 ; Inhibit CB-80 Record Locking / CB-80 V1.3" 
joc------ ELSE using CB-80 V1.4 ----------------- +/ 

: Must be the same in Slave files 


| 
' 
COMPAT = OF8 ; File/Record Locking Flags | 
;CPMVER = 30 ; Allow CB-80 Record Locking 1 


NMBUFS = OA ; 
BUFSIZ = 03 ; 
MEMRES = (0400) ; 
PATCSA = 7F,7E,7D,7C ; 
7B,7A,79,78 
DF, 5E,5D,35C ; 
2B, 5A,39,38 


PATCSB = 77,76,75,74 ; 
73,72,71,70 
51 530555554 ; 


33,52,351,50 
SSTCSA = " " ; 

OP ALAAAWAL : 
SSTCSB = " " , 

"ZZLLLLL2" : 


Se AS A OS A CD SS CD Dc cD + 


Default number of Disk Buffers (hex) 
Default disk buffer size (log2(size/128) ) 
Allow for Dynamic Memory Expansion of TurboDOS 


Status port table for CPS-MX (std default value 


Status port table for CPS-16 (std default value 
2nd Status port table for CPS-MX 
2nd Status port table for CPS-16 
0/S suffix table for CPS-MX (std default values 
O/S suffix table for CPS-16 (std default values 


2nd O/S suffix table for CPS-MX 
2nd O/S suffix table for CPS—16 


PRMB6A = 3,3,3,3,3,3,3)3,0B,3,0B,3,3,3,3,3 


NMBCKT = 2 
CONAST = 01,CONDRA ; 
STOPBB = 44 
PTRAST = 00,LSTDRA ; 
STOPBA = 44 
FLSRT = 01 ; 
ATNCHR = "*@" 
PRIMOD = 0 : 
:MPAGE = 02 ; 


’ 
;following defines floppy 


9 
(rest of file omitted) 


Console on port 1 of CPZ-—48000 
List assignment table 


6ms Floppy step rate (O=3ms,1=6ms,2=10ms,3=15ms 
New attention character (Break Key) 

Print mode (0 = direct, 1 = Spooled) 

Use memory above slave address for Turbo-disk 


disk drives 
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8.4. Automatic Logon 


Automatic Logon provides a method of having each slave 
execute the LOGON command after it boots. This command will not 
let you into the system unless you can enter the correct ID and 
password. Each slave booting in this method will need its slaves 
PAR file modified: 


sLOGON SECURITY PASSWORD INCLUDED 
;AUTUSR = 80 ; DEFAULT = User 0, Privileged 
;(delete for LOGON function) 

SRHDRV = OFF ; Search System Disk for .COM Files 

? 

teat If Using CB-80 V1.3 Only --------------- + 

;: Must be the same in CPZMASTR.PAR file { 

;COMPAT = OB8 ; If using CB-80 V1.3 

;CPMVER = 22 ; Inhibit CB-80 Record Locking H 
H 
| 
| 


Hi tention teateate ELSE using CB-80 V1.4 ----------------- 
: Must be the same in CPZMASTR.PAR file 

COMPAT = OF8 ; File/Record Locking Flags 
;CPMVER = 30 3; Allow CB-80 Record Locking 


i eeteetetemetens eS ee ee ae Ae a aD cat SOS Me SS Cite SD Se DD OD SS Sl OS SD SND SO SD SUED GD SD SED ms 


; 

ATNCHR = "“*e" ; Use "BREAK" Key for Attention 
RESKEY = "*\" ; Define slave reset key 

3 

CONAST = 01,CONDRA ; Console on port 1 of CPS-80 
STOPBB = 44 ; Define 1 stop bit 


5 

LDCOLD = 000 ; Disable Cold start autoload 
; (change to OFF to enable) 

LDWARM = OFF ; Enable Warm start autoload 
; (change to 000 to disable) 


> 
;LDCOLD must be enabled if you want to auto-init TurboDOS time 
sand date function using the ICM CCB-100 Clock/Calendar board. 


:COLDFN = 0,"SLVCLK ","AUT" ;init system clock 
WARMFN = O,"WARMSTRI", "AUT" ;init system logon 


:patch for TurboDOS V1.4x 
;Patch # 1.41-1 


CINTRY+22 = PATCH, 44 
PATCH = 21,00,00,7D,0C9 
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Here is an example 16-bit slave PAR file with LOGON enabled: 


USRSOM = Ox0D,Ox0A,"Intercontinental Micro Systems, Corp." 
Ox0D,0x0A,"8086 Slave." 


SRHDRV = OxFF ;Search Default System Drive 

COMPAT = OxF8 ;Compatability Flags 

;AUTUSR = 0x80 sAuto Logon to User O Privileged 
ATNCHR = 0x00 ;Define Attention Char as "BREAK" Key 
CONAST = Ox01,CONDRA ;Assign Console to Port B Serial 
MAXMBS = 0x03 | 


MAXRPS = 0x03 


MEMTBL+3 = (0x3FFF-0x0050) 3; 256 Kbyte Slave memory specs 
;MEMTBI4+3 = fecal tae a ; 512 Kbyte Slave memory specs 
;MEMTBL+3 = (OxFFFF-0x0050) 3; 1 Mbyte Slave memory specs 


’ 

LDCOLD = Ox00 ;Disable Cold Load function 

;COLDFN = 0,"TDTIMES CMD";Init TurboDOS Data/Time using CCB-100 
LDWARM = OxFF sEnable Warm Load function , 
WARMFN = 0,"16STRI ","AUT";Execute Logon Security 
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"AUTUSR = 80" was disabled so that the slave would come up 
on user 31. "LDWARM = OFF" was enabled so that the slave could 
automatically execute a command on boot. The command which it 
will execute will be WARMSTRI.AUT which is a default parameter in 
the CPSSLAVE.PAR file (WARMFN = O,"WARMSTRI","AUT")., The command 
that needs to be executed is LOGON.COM which is in user 0, so 
‘copy the LOGON.COM command to user 31 and rename it WARMSTRT.AUT. 
If you are using both 16-bit and 8-bit slaves, you will have to 
make WARMFN patch on the 16-bit slave equal to a different name 
such as 0,"16STRI","AUT". Then copy LOGON.CMD to user 31, 
renaming it 16STRT.AUT. 


OA}COPY OA:LOGON.COM 31A:WARMSTRI.AUT 
OA$COPY OA:LOGON.CMD 31A:16STRI.AUT 


Now the LOGON command is set up to look for a file called 
USERID.SYS. USERID.SYS is a text file created by the integrator 
' to contain the user passwords with a word processor such as 
WordStar. The format is as follows: 


[USER ID],[PASSWORD],[USER # (and P for Privileged) ],[DRIVE], 
The commas are mandatory ! 

Example: 

OA}TYPE USERID.SYS 


CHUCK, ROAST,OP,A 
JOHN, SMITH,1P,8B 
BOB,RUIZ,26,A 


OA} 


In this USERID file, Chuck Roast will be logged onto user 
O, and the drive on which it booted, in this case drive A. John 
Smith was logged onto 1B, and Bob Ruiz was logged onto 26A. Chuck 
Roast and John Smith are privileged users and can change User 
numbers any time they wish, but Bob Ruiz will be logged on User 
26 and stuck there. Because a lot of users will be stuck on 
higher user levels, and the commands are located on user 0, all 
of the commands you want available to others must be set global: 


NOTE: The backslash '\', allows mutiple commands to be put ona 
single line. 


OA}SET *.COM;G\SET *.CMD;G 
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8.5. Batch Processing 


Batch processing is a way to set aside a slave whose only 
purpose is to receive commands from other slaves and execute them 
on a First-In First-Out basis. This will enable you to send time 
consuming commands such as linking, compiling, or long copy 
routines out to that slave and go on to other jobs. The slave 
set up for batch cannot have a console attached to it and cannot 
receive commands which require console input in order to execute. 


To set up a Slave for batch processing, set up the slave 
suffix table in the CPZMASTR.PAR to know of only one batch slave. 
In this example, the batch is known as 'B" at 7F: 


SSTCSA = "B e ; O/S suffix table for CPS-MX 
"ZZZZZZZ2" ; O/S suffix table for CPS-MX 


Make changes in the CPSSLAVE.PAR so that the slave will 
execute the command "BATCH.AUT" when it boots: 


LDWARM 
WARMFN 


0O,"BATCH v, AUT 

You will now want to create a file called BATCH.AUT. The 
file that needs to be executed in this case will be a DO file. 
Fortunately Turbo-Dos provides a command which can accomplish 
this called AUTOLOAD. The file which we want to create into an 
autoload file will be DO BATCH.DO: 
OA}AUTOLOAD DO BATCH.DO 
Auto load file created 
OA}RENAME AUTOLOAD.AUT BATCH.AUT 


OA}SET BATCH.AUT;G 
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OFF ; Enable Warm start autoload (change to OFF to enable) 
Fie 
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Put BATCH.AUT in user O and set it global since the batch 
Slave will have to be set up as a privileged user. The file you 
set up as BATCH.DO will now have to be set up as a FIFO. We will 
set it up to suspend processing in case the FIFO is empty so that 
it won't waste the masters processing time by executing BATCH.AUT 
over and over again: 


OA}FIFO BATCH.DO 

FIFO file not found, creating new file 

Enter FIFO type (Ram/Disk): D 

Suspend processing on full/empty conditions? (Yes/No): Y 
Enter maximum number of records (1-65535): 128 

FIFO file created 

OA}SET BATCH.DO;G 


To test out, let the batch processor copy a file up to 
different drive using the BATCH command: 


5A}BATCH COPY A: B:;N 
5A}DIR B:<CR> ; 

**NOTICEH** : The COPY command that was sent to the Batch 
slavehad the option "j;n" to insure that it wouldn't expect any 


console input from the:-local console. 


To set up a 16-bit slave for Batch Processing, do the same 
as above except use the CPSSLV16.PAR and CMD commands. 
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8.5.1. Master Batching 


In extreme cases, where small application programs have to 
access to bus I/O ports directly; batch processing may be 
implemented on the master processor. WARNING! If the application 
program requires direct console input, like the FORMAT progran, 
the batching will hang. This can be compensated for by putting a 
terminal on the master. This may be accomplished by enabling the 
Warm Boot Function to execute BATCH.AUT on the master. Set up the 
BATCH.AUT and BATCH.DO in the same manner as it was for Batch on 
the slave. The main difference to be made is to enable CON96 on 
the CPZMASTR.PAR file instead of CONREM. This will ensure that no 
one will try to attach to the master and provides a facility to 
monitor the batch processing if needed during integration. Below 
is an example CPZMASTR GEN and PAR file for master batching: 


; CPZMASTR.GEN 


STDMASTR ; Standard networking master 
’ PATCH 3 Include PATCH Module 

FASLOD 3; Use fast disk loader module 

NETREQ 3; Network request module 

MSGFMT ; Message format module 

CPMSUP 3; CP/M function support module 

; CONREM ; Use remote console module 

3CON192 ; Null 19.2 Kbaud Console Driver 

CON96 ; Null 9600 Baud Console driver 

NITCPZ 3; CPZ-48000 hardware initialization 

SPDCPZ 3; CPZ-48000 Serial and Parallel 1/0 

LSTCcTS ; TI810 CTS Driver (LSTDR@ assigned to LSTDRA) 
;LSTPAR ; Parallel Printer driver (CPI-100 centronics board) 
RTCCPZ 3; CPZ-48000 real time clock driver 
;MSTRCLK ; Include ICM ccb board drvr to set TurboDOS date/time | 
DSKCPZ ; CPZ-48000 floppy disk driver 

DSKFMT8 ; Disk specification tables for 8-INCH diskettes 
3MD131DRV ; Monitor Dynamics Model #1013 with 1 drive installed 
sMD132DRV ; Monitor Dynamics Model #1013 with 2 drive installed 
; TURBO ; Turbo-Disk driver module 

; TURDSK ; Turbo-Disk definition module 

MCDCPS ; CPZ-48000 / CPS-MX Master Circuit Driver 
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3;CPZMASTR.PAR 

AUTUSR = 80 ; Auto Log-on to user one, privileged 

SRHDRV = O1 3; Search A: for command files 

NMBUFS = OA ; Default number of Disk Buffers (hex) 

BUFSIZ = 03 ; Default disk buffer size (log2(size/128) ) 

MEMRES = (0400) ; Allow for Dynamic Memory Expansion of TurboDOS 

PATCSA = 7F,7E,7D,7C ; Status port table for CPS-MX (std default value 
7B, 7A,79,78 
3B, 38,30, 30 ; Status port table for CPS-16 (std default value 
3B,3A,39, 

3 

SSTCSA = " " ; O/S suffix table for CPS-MX (std default values 
LV AA A Ay Wy WAY A ; O/S suffix table for CPS-16 (std default values 

CONAST = 01,CONDRA ; Console on port 1 of CPZ-48000 

STOPBB = 44 

PTRAST = 00,LSTDRA ; List assignment table 

STOPBA = 44 

; 

FLSRT = 1 ; 6ms Floppy step rate (O=3ms,1=6ms,2=10ms,3=15ms 

ATNCHR = "“*s" ; New attention character (Break Key) 

PRIMOD = O ; Print mode (0 = direct, 1 = Spooled) 

; 

;LDWARM = OFF 

;WARMFN = O,"BATCH reas 10 as 

; 

;MPAGE = 02 ; Use memory above slave address for Turbo-disk 


; following defines disk drives 
; 
DSKAST = 000,DSKDRA,001,DSKDRA,002,DSKDRA,003,DSKDRA ; floppies 


; 
;the following defines floppies + Monitor Dynamics Hard Disk 
;with bootup from ist Monitor Dynamics hard disk. 


; 
;DSKAST = 001,DSKDRB,O000, DSKDRA,001 , DSKDRA,002,DSKDRA ;MD + Floppies 
7 000 ,DSKDRB 3;deselect for hard disk before power down 


OFF ; Enable Warm Start Autoload(000 to disable) 


LDWARM 
WARMEN 


O,"BATCH ","AUT" 
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9. I/0 Port Address Assignments 


S 


The CPZ-186 uses certain internal I/O ports addresses. Below 
is a breakdown of these I/0 ports by port function and their 


corresponding addresses in hex. 


9.1. Serial Port A and B Assignments 


ScC Port A Data Reg. 1FE Hex 
scc Port A Control Reg. 1FC Hex 
SCC Port B Data Reg. 1FA Hex 
SCC Port B Control Reg. 1F8 Hex 


9.2. Floppy Disk Controller Assignment 


FDC Command/Status Reg. 100 Hex 
FDC Track Reg. 102 Hex 
FDC Sector Reg. 104 Hex 
FDC Data Reg. 106 Hex 


9.3. Parallel Port A and B Assignment 


CIO Port C 200 Hex 
CIO Port B 202 Hex 
CIO Port A 204 Hex 
CIO Control Reg. 206 Hex 


9.4. Interrupt Controller Assignments 
Interrupt Data Reg. 2FA Hex 
Interrupt Command Reg. 2F8 Hex 
9.5. Control Registers 

On-board Functions 308 Hex bay 


FDC Wait Reg. (program data xfer use) 308 Hex jread o 


9.6. Memory Management Registers 


MMU Address Reg 1 300 Hex 
MMU Address Reg 2 302 Hex 
MMU Address Reg 3 304 Hex 
.MMU Address Reg 4 306 Hex 
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9.7. Control Register Bit Assignments 


This is a description of the Control Registers and the 
corresponding bit assignments used on the CPZ-186. 


9.7.1. On-board Functions Register (Port 308 Hex) 


—$—$—$ $< $< $< —$< 

'p7 | p6 {D5 | D4 | D3 | D2 {| Dt | DO | {write only} 
rT 

Pi et +— Size Select (0=8",1=5 1/4") 
+— MMU Enable (O=off,1=on) 
+— Motor On (1=motor on) 

+ — Density Select (O=single density) 
+— Drive Select bit O 

+— Drive Select: bit 1 

+— Side Select (O=side 0) 

+— PROM Disable (O=on,1=off) 


9.7.2. FDC Wait Register (Port 308 Hex) 
ee eS SY 
| D7 | D6 | DS | D4 | D3 { D2} D1 | DO { {read only} 


{ t 1 | | | | 
et (not used) 


| 
+— INTRO or DRQ status bit 
9.7.3. S-100 Bus I/0 Address Space 
I/O addresses Q000-O0F7 are allocated for slaves on the S 


100 bus with the exception of addresses 0 - 8 which are reserved 
for on-board I/O devices. 
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10. WARRANTY 


All products sold hereunder are under warranty on a return to 
factory basis against defects in workmanship and material for a 
period of one (1) year from the date of delivery. 


Conditions of this warranty are as follows: Purchaser must 
1) obtain a return material authorization (RMA) number and 
shipping instructions, 2) product must be shipped prepaid, 3) 
written description of the failure must be included with the 
defective product. All transportation charges inside the 
continental U.S. will be paid by Intercontinental Micro Systems 
(ICM) Corp. For products returned from all other locations, 
transportation must be prepaid. Should ICM determine that the 
products are not defective, the purchaser must pay all return 
transportation charges. All repairs will be provided at repair 
rates being charged at the time by ICM. Under the above product 
warranty, ICM may, at its option, either repair or replace any 
component which fails during the warranty period providing the 
purchaser has reported same in a prompt manner. All replaced 
products or parts shall become property of ICM. 


All above warranties are contingent upon proper use of the 
product. These warranties will not apply 1) if any repair, parts 
replacement, or adjustments are necessary due to accident , 
unusual physical, electrical or electromagnetic stress, neglect, 
misuse, failure of electric power, air conditioning, humidity 
control, transportation, failure of rotating media not furnished 
by ICM, operation with media not meeting or not maintained in 
accordance with ICM specifications or causes other than ordinary 
use, 2) if the product has been modified by purchaser, 3) where 
ICM's serial numbers or warranty date decals have been removed or 
altered, 4) if the product has been dismantled by purchaser 
without the supervision of or prior written approval of ICM. 


EXCEPT FOR THE EXPRESS WARRANTIES CONTAINED HEREIN, ICM 
DISCLAIMS ALL WARRANTIES ON. THE PRODUCTS FURNISHED HEREUNDER, 
INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS; 
and the stated express warranties are in lieu of all obligations 
or liabilities on the part of ICM arising out of or in connection 
with the performance of the products. ICM is not liable for any 
indirect or consequential damages. 


After the warranty period, the products will be repaired for 
a service charge plus parts, provided that it is returned prepaid 
to ICM after retaining a return material authorization (RMA) 
number. 
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11. APPENDIX A 
11.1. SPECIAL-CHIPS DATA SHEETS 


Data sheets are included for the following chips used in the 
CPZ-186: 


8531 ASCC — Serial Controller 
8536 CIO Parallel Port Controller 
WD2793 Floppy Disk Controller 


74L8670 Memory Management Unit 


8259A - Interrupt Controller 
80186 CPU -— 16-BIT Microprocessor 
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Chapter 1 
General Information 


1.0 INTRODUCTION 


The 26050 Serial Communicetione Controller (Z-SCC) 
and the nonmultiplexed 78530 Serial Communicat ions 
Controller (SCC) are Zilog Z8000™ peripheral com- 
ponents designed to provide multifunction support 
for handling the large variety of serial communi- 
cation protocols available. The Z-SCC can be 
programmed to satisfy special serial communica- 
tions requirements a8 well se to follow satandacd 
formats euch as byte-oriented synchronous, bit- 
oriented synchronous, end asynchronous. Once 
programmed, the Z-SCC relieves the CPU of taske 
formerly accomplished by the CPU or ite sasocisted 
hardware. 


With eccese to 14 write registers and seven read 
registers per channel, the user can configure the 
Z-SCE so that it can handle all asynchronous 
formats regardless of data size, number of stop 
bits, or parity requirements. The 2-SCC also 
accomodstes all synchronous formats including 
character, byte, and bit-oriented protocols. 


Within each operating mode, the Z-SCC aleo allowe 
for protocol veriastions by checking odd or even 
parity bits, character insertion or deletion, CRC 
generation and checking, break and abort gener- 
ation and detection, and many other protocol- 
dependent features. 


The Z-SCC 18 compatible with the Zilog Z8000 CPU 
or similar systema in which address and data lines 
are multiplexed. The SCC version may be used in 
microprocessor systems in which address lines and 
data lines ere separate (such as in the Z8D). 


1.1 CAPABILITIES 
Two independent full-duplex channels 
Synchronous/Isosynchronous data rates: 


@ Up to 1 Megabit/second with 4 MHz clock rate 

® Up to 250 Kbit/second with a 4 MHz clock rate 
(FM encoding) ° 

e Up to 125 Kbit/second with a 4 MHz clock rate 
(NRZI encoding) 

Receiver date registers quadruply buffered 


Transmitter data registers double buffered 
Asynchronous capabilities: 


5, 6, 7, or @ bite per character 

1, 1-1/2, or 2 stop bits 

Qdd or even parity 

Timea 1, 16, 32, or 64 clock modes 

Break generation and detection 

Parity, overrun and framing error detection 


Byte~oriented aynchronoua capabilities: 


e Internal or external character synchronization 

e@ or 2 sync characters in separate registera 

@ Automatic sync character insertion and deletion 

e@ Cyclic redundancy check (CRC) generat ion/ 
detection 

e 6- or 8-bit sync character 


SOLC/HDLC capabilities: 


Abort sequence generation and checking 
Automatic zero insertion and deletion 
Automatic flag insertion between messages 
Addrese field recognit.on 

I-field residue handling 

CRC generat ion/detect ion 

SDLC loop mode with EOP recognition/loop entry 
and sxit 


NRZ, NRZI or FM encoding/decoding 
Baud rate generator in each channel 
Digital Phase-Locked Loop for clock recovery 


Crystal Oscillator 


1.2 BLOCK “DIAGRAM 


Figure 1-1 is a block diagram of the Z-SCC. 
Received data enters the receive data pina and 
follows one of several data paths, depending on 
the atate of the control logic. The contents of 
the registera and the state of the external con- 
trol pine establish the internal control logic. 
Transmitted data follows a similar pattern of 
control, register, and external pin definition. 
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The address/data group cansiste of the bidirec- 
tional lines used to transfer data between the CPU 
and the Z-SCC. {Addresses in the 28030 are The Z-SCC ia available with two sets of bus inter- 
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Figure 1-1. Z-SCC Biock Diegran 


The Z-BUS-compat ible Z-SCC is suited for system 
epplicatione with multiplexed address/deta buses 
similar to 78000 or ZB. The 2-SCC complies with 
the standards of the Z-BUS protocol established in 
the Z-BUS Technicel Manual (TBS). 


The nonmultiplexed SCC ia designed for systems 
with separate address and data lines. It inter- 
faces with any processor through Chip Select (CS) 
inputs, Read (RD) and Write (WR) inputs, Channel 
Select (A/B) input, and a Date/Control (D/C) 
input. 


1.3 PIN FUNCTIONS 


The Z-SCC pine are divided into seven functional 
groups: address/data, bus timing and raset, device 
control, interrupt, serial date (both channels), 
peripheral control (both channele), and clocks 
(both channels). Figure 1-2 shows the pins in 
each functional group for both the Z8030 and 
ZB530. Notice the pin notationa unique to each 
version in the address/data group, bus timing and 
reset group, and control groups. 
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Figure 1-2. Pin Funct ione SCC/7-SCC 
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latched by AS.) The direction of these lines 
depends on whether the 7Z-SCC is selected and 
whether the operation is a read or a write. 


The timing end control groups designate the type 
of transaction to occur and when this transaction 
will occur. The interrupt group provides inputs 
and outputs to conform to the Z-BUS specifications 
for handling and prioritizing interrupte. The 
remaining groups are divided into Channel A and 
Channel B data groups for serial date (transmit or 
receive), peripheral control (such es OMA or 
modem), and the input and output lines for the 
receive and tranamit clocks. 2 
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Figure 1-3. Pin Designation for 78050 2-SCC 
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Figure 1-4. Pin Designation for 78550 SCC 


face timings: one for multiplexed systems and one 
for nonmultiplexed syatems. 


The pin descriptiona here describe the 2Z8030-~ 
specific pina, the 78550-specific pins, and the 
pins that ere identical for both versions. Figure 
1-3 designates the pin locations and signal names 
for the 78030 Z-SCC. Figure 1-4 designates the 
pin locations and signal names for the 28530 SCC 
version. 


PIN DESCRIPTIONS (28030 Z-SCC only) 


ADy-AD7. Addrees/Deta Bus (bidirectionsl, active 
High, 3-etate). These multiplexed lines carry 
register addresses to the Z-SCC as well as data or 
control information to and from the Z-SCC. 


3s. Address Strobe (input, active Low). Address- 
es on ADg-AD7 are latched by the rising edge of 
this signal. 


CSp- Chip Select 0 (input, active tow). This 
signal ie latched concurrently with the addresses 
on ADp-AD7 and must be active for the intended bus 
transaction to occur. 


(Sy. Chip Select 1 (input, active High). This 
second select signal must also be ective before 
the intended bus transaction can occur. €54 muat 
remain active throughout the transaction. 


DS. Deta Strobe (input, active Low). This signal 
provides timing for the transfer of data into and 
out of the Z-SCC. If AS and 0S are both Law, this 
is interpreted as 3 reset. 


RA. = ReedMrite (input). this signal specifies 
whether the operation to be performed is a read or 
a write, 


PIN DESCRIPTIONS (78530 SCC Only) 


A/B. Channel A/Channet B Select (input, Channel A 
ective High). This signal selects the channel in 
which the read or write operation occurs. 


CE. Chip Enable (input, active Low). This signal 
selects the SCC for operation. It must remain 
active throughout the bus transact ion. 


Dy-D7- Dats Lines (bidirectional, 3-state). 
These 1/0 lines carry data or control informat ion 
to and from the SCC. 


201K N41 2074 On 


D/C. Dute/Control (input, date active High). 
This signal defines the type of information trana- 
fer performed by the SCC: data or control. 


®D. Read (input, active Low). Thies signal indi- 
cates o read operation and when the SCC is 
selected, enables the SCC bus drivers. During the 
interrupt acknowledge cycle, this signal gates the 
interrupt vector onto the bus if the SCC is the 
highest priority device requesting an interrupt. 


WR. Write (input, active Low). When the SCC is 
selected, this signal indicates s write operation. 
The coincidence of RD and WR is interpreted as a 
reset. 


PIN DESCRIPTIONS (Both verviona) 


CTSA, CISH. Clear to Send (inpute, active Low). 
If these pine are programmed es auto enables, a 
Low on these inputs enables the respective trans- 
mitters. If not programmed as auto enables, they 
may be used as general-purpose inputs. Both 
inputs sre Schmitt-trigger buffered to accommodate 
slow rise~time inputs. The Z-SCC detects transi- 
tions on these inputs and can interrupt the CPU on 
both logic level transitions. 


DODA, BCDB. Data Carrier Detect (inpute, active 
Low). These pins Function as receiver enables if 
they are programmed es auto ensble bite; otherwise 
they may be used ss general-purpose input pina. 
Both pane are Schmitt-trigger buffered to accommo- 
date slow rise-time signals. The 2-SCC detecta 
transitions on these pins and can interrupt the 
CPU on both logic level transitione. 


DITR/REQA, DTR/REQH. Data Terminal Ready/Request 
(outputs, active Low). these outputs follow the 
state programmed into the DIR bit. They can also 
be used as general-purpose outputs or se request 
lines for a DMA controller. 


IE. Interrupt Enable In (input, ective High). 
TEL is used with IEO to form an interrupt daisy 
chain when there is more than one interrupt-driven 
device. A High on IEI indicates that no other 
higher priority device hea an Interrupt Under 
Service (IUS) or is requesting an interrupt. 


TED. Interrupt Enable Out (output, active High). 
IEQ is High only if IEI ie High and the CPU is not 
servicing an SCC or Z-SCC interrupt or the con- 
troller is not requesting an interrupt (interrupt 
acknowledge cycle only). {£0 is connected to the 
next lower priority device’s IEI input and thus 
inhibits interrupts from lower priority devices. 


TNTACK. = Interrupt Acknowledge (input, active 
Low). This signal indicates on active interrupt 
acknowledge cycle. During this cycle, the inter- 
rupt daisy chain settles. When RD or DS becomes 
active, the Z-SCC places an interrupt vector on 
the data bue (if [EI is High). INTACK ia latched 
by the rising edge of AS or PCLK. 


Int. Interrupt Request (output, open-drain, 
active tow). This signal is activated when the 
Z-SCC is requesting an interrupt. 


POLK. Clock (input). This is the master clock 
used to synchronize internal signals. PCLK is not 
required to have any phase relationship with the 
master system clock, although the frequency of 
thie clock must be at least 90 percent of the CPU 
clock Frequency for a 78000. PCLK is a TTL level 
signal. 


RISA, RISH. Requeat To Send (outputs, active 
Low). When the Request To Send (RIS) bit in Write 
Register 5 (Figure 3-7) is set, the RIS signal 
goes Low. When the RTS bit is reset in the Asyn- 
chronoue mode and euto enable is on, the signal 
goes High after the transmitter is empty. In 
Synchronous mode or in Asynchronous mode with auto 
enable off, the RTS pine strictly follow the atate 
of the RIS bit. Both pins can be used as general- 
purpose outputs. 


RIxCA, RixCB. Receive/Transait Clocks (inputs, 
active tow). The functions of these pins are 
under program control. In each channel, Rixc may 
supply the receive clock, the tranemit clock, the 
clock for the baud rate generator, or the clock 
for the Oigital Phase-Locked Loop (refer to 
Section 4 for bit configurationa). These pins can 
aleo be programmed for use with the respective 
SYNC Pins as a crystal oscillator. The receive 
clock may be t, 16, 32, or 64 times the data rate 
in asynchronous modes. 


RxDA, RxDB. Receive Data (inpute, ective High). 
These input signals receive serial data at stan- 
dard TIL levels. 


SYNCA, SYNCH.  Synchranizetion (inpute/outputs, 
active Low). These pins can act as either inputs, 
outpute, or as part of the crystal oscillator 
circuit. In the Asynchronous Receive mode 
(erystal oscillator option not selected), these 
ping are inputs similer to CTS and DCD. In this 
mode, transitions on these lines affect the state 
of the Sync/Hunt statue bits in Read Register 0 
(Figure 4-18) but have no other Funct ion. 


In External Synchronization mode with the crystal 
oscillator not selected, these lines also act as 


1-4 


inputs. In this mode, SYNC must be driven Low two 
receive clock cycles after the lest bit in the 
syne charecter is received. Cheracter assembly 


begine on the rising edge of the receive clock” 


immediately preceding the activation of SYNC. 


In the Internal Synchronization mode (Monosync and 
Bisync) with the crystal oscillator not selected, 
these pins act es outputs and are active only 
during the part of the receive clock cycle in 
which syne characters are recognized. The sync 
condition is not latched, eo these outputs are 
active each time a syne character is recognized 
(regardless of character bounderies). In SOLE 
mode, these pine sct es outputs and are valid on 
receipt of a flag. 


TRxCA, TRxCB. Tranenit/Receive Clocks (inputs or 
outputa, ective Low). The functions of these ping 


are under program control. TRxC may supply the 
receive clock or the tranamit clock in the Input 
mode or supply the output of the Digital Phase- 
Locked Loop, the crystal oscillator, the baud rate 
generator, or the tranamit clock in the output 
mode. (Refer to Section 4 for bit configuration.) 


TxDA, TxD8. Traneait Deta (outputs, active High). 
This output signal transmite serial data at stan— 
dard TIL levels. 


W/REGA, W/REGB. Wait/Requeat (outputs, open-drain 
when progresmed for Wait function, driven High or 
Low when programed for a Request function). 
These dual-purpose outputs can be programmed as 
Request lines for e@ DMA controller or as Wait 
lines to synchronize the CPU to the Z-SCC data 
rate. The reset state is Wait. 
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Chapter 2 
Architecture 


2.0 INTRODUCTION 


The 2-SCC internal structure provides all the 
interrupt and control Jogic necessary to interface 
with multiplexed and nonmultiplexed buses. Inter- 
face logic is also provided to monitor modem or 
peripheral control inputs and outputs. All of the 
control signals are general purpose and can be 
applied to various peripheral devices as well ae 
used For modem control. 


The center for data activity revolves around the 
internel read end write registere. The program- 
ming of these cegisters provides the Z-SCC with a@ 
functional “personality”, i.e., register values 
can be sasigned before or during program sequenc- 
ing to determine how the Z-SCC will establish a 
given communication protocol. 


2.1 REGISTER FUNCTIONS 


All modes of communication are established by the 
bit values of the write rcegistera. As data is 
received or transmitted, read register values may 


change. These changed values cen promote software 
action or internal hardware action for further 
register changes. 


The register eet for each channel includes 14 
write registers and seven read registers. Ten 
write registers are used for control, two for sync 
character generation, and two for baud rate gener- 
ation. The remaining two write registers are 
shared by both channels; one is ueed as the inter- 
rupt vector end one aa the master interrupt 
control. Four read registera indicate status 
functions; two are used by the baud rate gener- 
ator, one for the interrupt vector, one for the 
receiver buffer, and one for reading the interrupt 
pending bits. 


Table 2-1 lists the aasiqned functions for each 
tead and write reqister. The Z-SCE containa only 
one WR2 (interrupt vector) and one WRI (master 
interrupt control). Both seqistera are accessed 
and shared by either channel. Chapter 4 provides 
a detailed bit legend and description of each 
register. 


RRO 


RAI 


RR20 


RRS 


Table 2-1. 


READ REGISTER FUNCTION 
Tranemit/Receive buffer status, and External 
status 7 
Special Receive Condition stsetus, residue 
codes, error conditions 
Modified (Channel 8 only) interrupt vector 
end Unmodified interrupt vector (Channel A 


only) 


Interrupt Pending bits (Channel A only) 


RRA Receive buffer 


RR10 


RR12 


RR13 


RR1S 
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Miscellaneous XMIR, RCVR status parametera 


Lower byte of baud rate generator time 
constant 

Upper byte of baud rate generator time 
constant 

External/Status interrupt control informa- 
tion 


Register Set 


WRI 


WR2 


WRS 


WRO 


WRS 
WRE 
WRT 
WRB 
WRI 
WR1I0 
ms 
WRIZ 
WR13 


WR16 


WRIS 


WRITE REGISTER FUNCTION 


Command Register, (Register Pointers, 728530 
only), CRC initialization, cesets for vari- 
ous modes 


Interrupt conditions, Wait/DMA request 
control 
Interrupt vector (access through either 
channel) 


Receive/Control parameters, number of bits 
pec character, Rx CRC eneble 


Tranemit/Receive miscellaneous parameters 
and modes, clock rate, numer of syne char- 


acters, stop bits, parity 


Transmit persmeters and controls, number of 
Ix bits per character, Tx CRC enable 


Sync character or SDLC address field (1st 
byte) 


Sync character or SOLC flag (2nd byte) 
Transmit buffer 

Master interrupt control and reset (accessed 
through either channel), reset bits, control 


interrupt daisy chain 


Miscellaneous transmitter/receiver control 
bits, NR2I, NR2, FM encoding, CRC reset 


Clock mode control, 
clocks 


source of Rx and Ix 


lower byte of baud rate generator time 
constant 


Upper byte of baud rate generator time 
constant 
Miscellaneous control bite: baud rete 


genecetor, Phase-Locked Loop control, sute 
echo, local loopbseck 


External/Status interrupt control informa- 
tion-control external conditione causing 
interrupts 


TD 


TO OTHER CHANNEL 
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Figure 2-1. 


2.2 DATA PATHS 


Figure 2.1 illustrates the data paths involved in 
the six majoc areas of the SCC: 

Receiver 

Transmitter 

Baud rate generator 

OPLL 

Clocking opt ions 

Data encoding 


All communication modes are esteblished by pro- 
gramming the write registers. As data is received 
or transmitted, read cegister values may change, 
altering the direction of the date path. These 
changed values can promote software action or 
internal hardware action for further register 
changes. 


2.2.1 Trenemitter 


The tranamitter has an B-bit Transmit Data regis- 
ter (WRB) loaded From the internal data bus and 4 
Transmit Shift register logded from either WR6, 
WR7, or the Transmit Data register. In byte- 
oriented modea, WR6 and WR7 can be programmed with 
ayne characters. In Monosync mode, an 8-bit or 
6-bit sync character ia used (WR6}, whereas a 
16-bit sync character is used (WR6 and WR7) in 
Bisync mode. In bit-oriented synchronous modes, 
the flag contained in WR? is loaded into the 
Transmit Shift register et the beginning and end 
of @ message. 


If asynchronous data is processed, WR6 and WR7 are 
not used and the Teanamit Shift register is 
formatted with start and stop bite shifted aut to 
the tranamit multiplexer at the selected clock 
rate. Synchronous data (except SDLC/HOLC) is 
shifted to the CRC generator as well as to the 
transmit multiplexer at the X1 clock rate. 


SDLC/HDLC data is shifted out through the zero 
insertion logic (which is diasebled while the flags 
are being sent). AO is ineerted in all address, 
control, information, and frame check Ffielda fol- 
lowing five contiguous ta in the data atream. The 
result of the CRC generator for SOLC data is also 
routed through the zero insertion Jogic. 


2.2.2. Receiver 


The receiver has three A-bit FIFO buffer registers 
and an 68-bit shift register. Thia arrangement 
creates a }-byte delay time, which allows the CPU 
time to service an interrupt at the beginning of a 


block of high-speed data. With each receive FIFO, 
an error FIFO is provided to store parity and 
framing ercors and other types of atatua infor- 
mat ion. 


Incoming data is routed through one of several 
patha depending on the mode and character length. 
In Asynchronous mode, serial data entera the 3-bit 
delay if a character length of seven or eight bits 
ia selected. If a character length of five or six 
bits is selected, data enters the receive shift 
register directly. 


In synchronous modes, the data path ia determined 
by the phase of the receive process currently in 
operation. A synchronous receive operation begins 
with a hunt phase in which a bit pattern that 
matches the programmed sync characters (6-, 8-, or 
16-bit) ia searched. 


The incoming data then passes through the Sync 
register and is compared to a sync character 
atored in WR6 or WR7 (depending on which mode it 
is in). The Monasync mode matchea the syne char- 
acter programmed in WR7 and the character assem- 
bled in the Receive Sync register to establish 
synchronization, 


Synchronization is achieved differently in the 
Bisyne mode. Incoming data is shifted to the 
Receive Shift register while the next eight bits 
of the message are assembled in the Receive Sync 
register. If these two characters match the pro- 
grammed characters in WR6 and WR7, aynchronizat ion 
ia established. Incoming data can then bypass the 
Receive Sync register and enter the 3-bit delay 
directly. 


The SOLC mode of operation usea the Receive Sync 
register to monitor the receive data stream and to 
Perform zero deletion when necessary; i.e., when 
five continuoua 1s sre ceceived, the sixth bit ia 
inspected and deleted from the data stream if it 
is 0. The seventh bit is inspected only if the 
sixth bit equale one. If the seventh bit is 0, a 
flag sequence haa been received and the receiver 
is synchronized to that flag. If the seventh bit 
is a1, an ebort or an EOP (end of poll) is recog- 
nized, depending on the selection of either the 
normal SDLC mode or SDLC Loop mode. 


The same path is taken by incoming data for both 
SDLC modes. The reformatted data enters the 3-bit 
delay end is transferred to the Receive Shift reg- 
ister. The SDLC receive operation begina in the 
hunt phase by attempting to match the assembled 
character in the Receive Shift register with the 
flag pattern in WR7. When the flag character ig 
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recognized, subsequent data is routed through the 
same path, regardless of character length. 


Either the CRC-16 or CRC-SDLC cyclic redundancy 
check (CRC) polynomial can be used for both Mono- 
syne and Bisyne modes, but only the CRC-SDLC poly- 
nomial is used for SOLC operation. The data path 
taken for each mode is also different. Sisyne 
protocol is a  byte-oriented operation that 
requires the CPU to decide whether or not a data 
character is to be included in CRC calculation. 
An B-bit delay in all synchronous modes except 
SOLC is allowed for this process. In SDLC mode, 
all bytes are included in the CRC calculation. 


2.3 DATA COMMUNICATIONS CAPABILITIES 


Z-SCC. logic handles all - asynchronous, byte~- 
oriented synchronous, and bit-oriented synchronous 
modes of operation. The following section briefly 
describes asynchronous, synchronous, and SOLC 
modes of communication. 


2.3.1 Asynchronous 


Figure 2-2 represents a typical asynchronous 
message format using one etart bit, seven data 
bite, one parity bit, and one stop bit. A etert 
bit is a High-to-Low transition detected by an 
asynchronous receiver and is actually an 
information bit notifying the receiver of an 
incoming message. 


START De Dy Oy M& GO DO parity STOP 
X = HIGH OR LOW 


Figure 2-2. Asynchronous Message Formet. 


The start bit also initistes a clock circuit to 
provide latching pulses during expected data bit 
intervals. The parity bit is provided for error 
checking and reate in a resultant state (odd or 
even) depending on an accumulated 1's state count 
of the data bits. The parity bit ie calculated in 


of time 
wove 
CLOCK 
av 1 2 a 4 5 . 7 
DIT STATE 0 1 1 o ’ 0 o 


both the receiver and. the transmitter; the two 
results are compared to ensure that the expected 
and the actual bit values match. 


The stop bit returng the message unit to the 
quiescent marking state; i.e., @ constant 
high state condition lasts until the next High- 
to-Low start bit indicates an incoming data byte. 
During reception, the start and stop bits are 
stripped away and checked for errors, leaving only 
the working data for CPU interaction. The number 
of selected bits for each asynchronous funct ion 
may vary in the tranomitter and the receiver. 


2.3.2 Monoeync Mode . 

Monesync and Bisync modes require clocking infor- 
mation to be transmitted along with the data by a 
method of encoding data that contains clocking 
information, or by a modem ta encode or decode 
clock information in the modulation process. 


Start and atop bits are not required in synchro- 
nous modes. All bits are used to transmit data, 
which eliminates the "waste" characteristic of 
asynchronous communication. 


Figure 2-3 shows the character format for synchro- 
nous transmission. For example, bits 1-8 might be 
one character and bits 9-13 part of another char- 
acter; or bit 1 might be part of one character, 
bits 2-9 part of a second character, and bits 
10-13 part of a third character. The framing 
(where each character begins) of each character is 
accomplished by defining a synchronization char- 
acter, commonly called a "sync character." 


The CPU places the receiver in Hunt mode whenever 
transmission begins (or whenever a data drapout 
haa occurred and the hardware determines that 
resynchronization is necessary). In Hunt mode, 
the receiver shifts a bit into the Receive Shift 
register and compares the contents of the Receive 
Shift register with the sync character (stored in 
another register), repeating the process until a 


’ a) 4 oo4 oo4 


bata 
ise 


| 
[svc CHARACTER ~~~» ~ DATA CHARACTER 
! 


Figure 2-3. Monasyne Dats Character Format 
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match occurs. When a match occurs, the receiver 
begins transferring bytes to the receive FIFO. 


* 2.3.3 Bisynchronous Mode 


The Bisynce mode of operation (Figure 2-4) is simi- 
lar to the Monasyne mode, except that two sync 
characters are provided instead of one. Bisyne 
attempts a more structured approach to synchroni- 
zation through the use of special characters as 
message "headers" or “trailers” (refer to IBM's 
Bisync). 


FRE == B=) 


‘DIRECTIOM OF SERIAL DATA FLOW 


Figure 2-4. Bisynchronous Message Forest 


2.3.4 External Sync Mode 


External Sync mode (Figure 2-5) eliminates the use 
of sync characters in the serial data stream by 
providing an external sync signsl to mark the 
beginning of a data Field; i.e., an external input 
pin (Syne) waite for an active state change to 
indicate the ensuing information field. 


Figure 2-5. External Sync Formet 


2.3.5 SDLC Mode 


Synchronous Data Link Control mode (SOLC) uses 
synchronization characters similar to Bisyne and 
Monosync modes (such ee Flags and ped characters), 
but it is a bit-oriented protocol instead of 
byte-oriented protocol. 


Any data communicetion link involves at least 
two atations. The station that ie responsible For 
the data link and issues the commands to control 
that link ig called the “primary station.” The 
other station ia a “secondary station." Not all 
information transfers need to be initiated by a 
primary station. In SOLC wmode, a secondary 
station can be the initiator. 


The basic format for SDLC is a "frame" (Figure 
2-6). The information field is not restricted in 
format or content and can be of my reasonable 
length (including zero). Its maximum length is 
that which can be expected to arrive at the 


receiver error-free most of the time. Hence, the 
detecmination of maximum length is a function of 
communication channel error rate. 


Figure 2-6. SDLC Message Forest 


2.3.6 SDLC Loop Mode 


The Z-SCC supports SOLC toop mode in addition to 
normal SOLC. SDLC Loop mode is very similer to 
normal SDLC but ie usually used in applications 
where @ point-to-point network is not appropriate 
(for example, POS terminals). In an SDLC Loop 
there ig a primary atation, called the controller, 
that menages the message traffic flow on the loop 
and there are any number of secondary stations. 


A secondary station in en SDLC toop ie always 
listening to the messages being sent around the 
loop, and muet pass these messages to the rest of 
the loop by retransmitting them with a one-bit- 
time delay. The secondary station can only place 
ite own messags on the loop at specific times. 
The controller signals that secondary stations may 
tranemit measages by sending a apecial character, 
called an EOP (End Of Poll), around the loop. the 
€OP character is the bit pattern 11111110. 
Because of zero insertion during measages this bit 
pattern is unique and thus is easily recognized. 


When @ secondary atation has a message ta transmit 
and it recognizes an EGP on the line, the firet 
thing that it does is to change the lest 1 of the 
EOP to & O before tranemitting it. This has the 
effect of turning the EOP into a Fleg sequence. 
The secondary atation now places ita message on 
the loop and terminates its message with an EOP. 
Any secondary stations further down the loop with 
messages to tranemit cen then append their mes- 
sages to the message of the firet secondary sta- 
tion by the same process. Any secondary stations 
without messages to send merely echo the incoming 
messages and are prohibited from placing messages 
on the loop, except on recognizing an EOP. 


There ere also restrictions es to when and how a 
secondary station physically becomes part of the 
loop. A secondary station thet has just powered 
up must monitor the loop, without the one-bit-time 
delay, until it recognizes an EOP. When an EOP is 
recognized the one-bit-time delay is switched on. 
This does not disturb the loop because the line is 
marking idle between the time that the controller 
sends the EOP and the time that it receives the 


rm 
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€OP back. The secondary station that has gone on- 
loop cannot place a message on the loop until the 
next time that an EOP is issued by the control- 
ler. A secondary etation goes off-loop in a 
similar manner. When given a command to go off- 
loop, the secondary station waits until the next 
EOP to remove the one~bit-time delay. 


To operate the Z-SCC in SDLC Loop mode, the Z-SCC 
must firet be programmed just as if normal SDLC 
were to be used. The baud rate generators should 
be set up and the Loop mode selected by writing 
the appropriate control word in WR11. Since WR11 
also controls the clocking mode for the receiver 
and the tranemitter, it may be useful to write the 
final clocking vaiues in WR11 without selecting 
the SDLC Loop mode before any of the other 
registecs are written. This allows faster atartup 
by allowing the clocks to settle, but is not 
strictly necessary. If NRZI encoding and the DPLL 
ste being used, these options should be selected 
before selecting SDLC toop mode for the same 
reasons. The Z-SCC is now waiting for the EOP so 
that it can go on loop. While waiting for the 
Eop, the Z-SCC ties IxD to RxD with only the 
internal gate delays in the signal path. When the 
First EOP is recognized by the Z-SCC, the Break/ 
Abort /EOP bit is set in RROD, generating an 
External/Status interrupt (if eo enabled). At the 
same time, the On-Loop bit in RROD is set to 
indicate that the Z-SCC is indeed on-loop, snd'a 
One-bit time delay is inserted in the [xD to the 
RxD path. 


The Z-SCC is now on-loop but cannot transmit a 
message until a Flag and the next EOP are re~ 
ceived. The requirement that a flag be received 
ensures that the Z-SCC cannot erronsously send 
messages until the controller ends the current 
Polling sequence and starta another one. If SDLC 
mode is deselected before thie Flag is received, 
the Break/Abort/EOP bit resets, generating another 
External/Status interrupt, and the 2-SCC tranamite 
messages in response to an EOP being received. 


A secondary station on the loop is prohibited from 
transmitting 8 message during a polling sequence 
unlesa it ceptures the line at the moment the EOP 
Passes by. The Z-SCC does this automatically. If 
the CPU in the secondary station with Z-SCC needs 
to transmit a message, the Go-Active-On-Poll bit 
in WR10 must be set. If this bit is eet when the 
EOP is detected, the Z-SCC changes the EOP to a 
fleg and sterts sending another flag. The EOP is 
reported in the Break/Abort/EOP bit in RRO and the 
CPU should write ite data bytes to the 2-SCC, just 
as in normal SDLC frame transmission. When the 
frame 18 complete and CRC haa been sent, the Z-SCC 


closes with a flag and reverts to One-Bit-Delay 
mode. The lest zero of the flag, along with the 
marking line echoed From Lhe RxD pin, form an EOP 
for secondary stations further down the loop. If 
the Go-Active-On-Poll bit is not set at the time 
the EOP passes by, the Z-SCC cannot send a message 
until a flag (terminating the curcent polling 
sequence) and another EOP are received. While the 
Z-SCC is actually transmitting @ message, the 
Loop-Sending bit in R10 is set to indicate this. 


If SDLC loop is deselected, the Z-SCC is designed 
to exit from the loop gracefully. When SDLC Loop 
mode is deselected by writing to WR10, the 2-SCC 
waits until the next polling cycle to remove the 
one-bit time delay. If a polling cycle is in 
progress at the time the command is written, the 
Z-SCC finishes sending any message that it may be 
tranemitting, ende with en EOP, and disconnects 
TxD from RxD. If no message was in progresa, the 
Z-SCC immediately disconnects IxD from RxD. IF 6 
polling cycle is not in progresa at the time the 
command is given, the Z-SCC waits until an EOP is 
recognized to disconnect TxD from Rxd. To ensure 
proper loop operation after the Z-SCC goes off the 
loop, and until the external relaya take the Z-SCC 
completely out af the loop, the Z-SCC should be 
programmed for Mark idle instead of Flag idle. 
When the Z-SCC goes off the loop, the On-Loop bit 
is reset. 


The Z-SCC allows the user the option of using NAZI 
in SDLC Loop mode by programming WR10 appropriate- 
ly. With NRZI encoding, the outpute of secondary 
stations in the loop may be inverted from their 
inputs because of messages that they have trans- 
mitted. Removing the stationa from the loop 
(removing the one-bit time delay) may cause prob- 
lems further down the loop because of extraneous 
transitions on the line. The Z-SCC removes this 
problem by making transparent adjustments at the 
end of each frame it senda in response to an EOP. 
A response frame from the Z-SCC is terminated by a 
flag and an EDP. Normally, the flag and the EOP 
shere a zeco, but if such sharing would cause the 
RxD and TxD pins to be of opposite polarity after 
the EOP, the Z-SCC adds another zero between the 
flag and the £0P. This causes an extra line tean- 
sition so that RxD and Ixd are identical after the 
EOP ja sent. This extra zero is comletely trans— 
parent because it only meane that the Flag and the 
£0P no longer shere a zero. All that a proper 
loop exit needs, therefore, ie the removal of the 
one-bit time delay. 


The two Flags that delineate the SDLC frame serve 


ae reference pointe when positioning the address 
and control fielda, and they initiate the trans- 
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mission erroc check. The ending Flag indicates to 
the receiving station that the 16 bits just 
received constitute the Frame check. The ending 
flaq could be followed by another frame, another 
flag, or an idle. This meana that when two frames 
follow one another, the intervening flag may 
simultaneously be the ending flag of the first 
frame and the beginning flag of the next frame. 
Since the SDLC mode does not use characters of 
defined length, but rather works on @ bit-by-bit 
basis, the 01111110 flag can be recognized at any 
time. 


To ensure that the Flag is not sent accidently, 
SDLC procedures require a binary 0 to be inserted 
by the transmitter after the transmission of five 
contiguous 1s. [he receiver then removea the 0 
Following a received succeasion of five 1s. 
Inserted and cemoved Oa are not included in the 
CRC calculation. 


The address field is eight bits long and desig- 
nates the number of the secondary station ta which 
the commands or data from the primary station are 
sent. The control field is aight bits long and is 
used to initiate all SDLC activities (see Section 
3.6). 


The Z-SCC can also serve the high-level synchro- 
nous data link communication (HOLC) protocol, 
which is identical to SDLC except for differences 
in framing. 


2.4 1/0 CAPABILITIES 


The 2-SCC can work with three basic forma of 1/0 
operat iona: polling, interrupts, and block 
transfer. All three 1/0 types involve register 
manipulation during initialization and data 
Lransfer. However, the Interrupt mode also 
incorporates Z-BUS™ interrupt protocol for a 
faster and more efficient data transfer. 


2.4.1 Polling 


During @ polling sequence, the status of Read 
Register O is examined in each channel. This 
register indicates whether or not a receive or 
transmit data transfer 1s needed and whether or 
not any special conditions are present, e.q., 
errors. 


This method of I/O transfer avoids interrupts. 
ALL interrupt functions must be disabled in order 
to operate the device 19 a polled environment. 
With no interrupts enabled, this mode of operation 


must initiate a read cycle of Read Register 0 to 
detect an incoming character before jumping to a 
data handler rout ine. 


2.4.2 Interrupts 


The z-SCC provides interrupt capability 
through the use of pins and a hardware scheme that 
increases the transfer speed of serial data. 
Whenever the interrupt (INT) pin is active, the 
Z-SCC is ready to transfer data. 


Read and write registers are programmed so that an 
interrupt vector points to on interrupt service 
routine. The interrupt vector can also be modi- 
fied to reflect various status conditions. There- 
fore, es many as eight different interrupt 
routines cen be referenced. 


Transmit interrupts, receive interrupts, and 
external/statua interrupts are the main sourcea of 
interrupts. Each interrupt source is enabled 
under progrem centrol, with channel A having a 
higher priority than channel B and with receiver, 
transmit, end external/etatus interrupts priori- 
tized respectively within each channel. (Sect ion 
3.2.1 provides a detailed deacription of the 
interrupt scheme and the various interrupt types.) 


2.4.3 Block Transfer 


The Z-SCC provides @ Block Transfer mode to 
accomodate CPU block tranefer functione and DMA 
controllers. The Block Transfer mode uses the 
W/RED output in conjunction with the Wait /Requeat 
bits in Write Register 1. The W/REG output can be 
defined by software aa a WAIT line in the CPU 
Block Transfer mode or a8 a REQUEST line in the 
OMA Block Transfer mode. 


To @ DMA controller, the Z-SCC REQUEST output 
indicates that the Z-SCC is ready to transfer data 
to or from memory. To the CPU, the WAIT output 
indicates that the Z-SCC is not ready to transfer 
data, thereby request ing the CPU to extend the I/O 
cycle. (Section 3.2.3 describes the registers 
used in block transfers.) 


2.5 SUPPORT CIRCUITRY 


The Z-SCC incorporates additional circuitry to aid 
serial communications. The designer can select an 
internal baud rate generator, select the frequen- 
cy, and program the output to one of several cir- 
cuits contained within the Z-SCC. The Z-SCC can 
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be programmed to encode and decade in several 
standerd formats. In addition, various clocking 
options can be selected for the OPLL, the baud, 
rate generator, the receiver and transmitter. 


2.5.1 Baud Rate Generator 


Each channel in the Z-SCC contains @ program- 
mable baud rate generator. Each generator con- 
sists of two 8-bit, timé-constant registers form- 
ing a 16-bit time constant, @ 16-bit down counter, 
and a flip-flop on the output that makes the out- 
put @ square wave. On startup, the flip-flop on 
the output is set High so that it starts in a 
known state, the value in the time-constant regis- 
ter is loaded into the counter, and the counter 
begins counting down. When a count of zero ig 
reached, the output of the baud rate generator 
toggles, the value in the time-constant register 
is loaded into the counter, and the process starts 
over. The time constant can be changed at any 
time, but the new value does not take effect until 
the next load of the counter. 


No attempt is made to synchronize the loading of a 
new time constant with the clock used to drive the 
generator. When the time conatent ie to be 
changed, the generator is stopped by writing to an 
enable bit in WR14. This ensures the loading of a 
correct time constant. 


If neither the transmit clock nor the receive 
clock are programmed to come from the TRXC pin, 
the output of the baud rate generator may be made 
available for external use on the TRXC pin. 
Section 3.3.1 presents the formula for determining 
the time constant for a given rate. 


2.5.2 Digital Phase-Locked Loop (DPLL) 


The Z-SCC contains a Digital Phase-Locked Loop 
that can be used to recover clock information from 
8 date stream with NRZI oc FM coding. The DPLL is 
driven by @ clock nominelly 32 (NRZI) or 16 (FM) 
times the data rate. The OPLL uses this clock, 
along with the data stream, to construct a receive 
clock for the data. This clock can then be used 


ag the Z-SCC receive clock, the transmit clock, or 
both. Section 3.3.1 details the clock recovery 
for each of the different Forms of encoding. 


2.5.3 Clocking Options 


The Z-SCC can select several clock sources for 
internal and external use. Write Register 11 is 
the Clock Mode Control register for both the 
receive end tranamit clocks. It determines the 
type of signal on the SYNC and RixC pins and the 
direction of the TRxC pin. 


Write Register 11 also controls the output of the 
baud rate generator, the DPLL output, and the 
selection of either a T71 or am XTAL output for 
the RTIxC pin. (Section 3.3.4 gives a detailed 
deacription of the clocking options.) 


2.5.4 Data Encoding 


Figure 2-7 illustrates the four encoding methade 
used by the Z-SCC. In NRZ encoding, a 1 is 
cepresented by a High level and a 0 is represented 
by a Low level. In NRZI encoding, a 1 is 
represented by no change in level and a O is 
represented by a change in level. In FMI (more 
properly, biphase mark), a transition occure at 
the beginning of every bit cell. ° A 1 is 
tepresented by an additional transition at the 
center of the bit cell and a O is represented by 
the absence of a transition at the center of the 
bit cell. In FMO (more properly, biphase space), 
8 transition occura at the beginning of every bit 
cell. A 0 is represented by an additional 
transition at the center of the bit cell and a 1 
is represented by the absence of a transition at 
the center of the bit cell. 


In addition to these four methods, the Z-SCC cen 
be used to decode Manchester (biphase level) data 
by using the DPLL in the FM mode and programming 
the receiver for NRZ data. Manchester encoding 
always produces a transition at the center of the 
bit cell. If the transition is Low to High, the 
bit is 0. If the transition is High to Low, the 
bit is 1. 
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Figure 2-7. 


Data Encoding Methods 
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Chapter 3 
Programming the SCC 


3.0 INTRODUCTION 
Funct ionel Description 


There are two versions of the SCC: the multi- 
plexed Z8030 2-SCC uses the Addreeas/Dat'e bus of a 
multiplexed system for data reception and trans-— 
mission (e.g-, Zilog's 2-BUS), whereas the non- 
multiplexed Z8530 SCC uses the bus dedicated to 
data in systema where data and addresa informat ion 
are carried on separate buses. 


Cd 
Both the 28030 2-SCC and 28550 SCC versions of the 


SCC contain read registers and write registers in 
each channel. There are 14 write registers, inclu- 
ding Write Register 8, the transmit buffer; and 9 
read registers, ind¢luding Read Register 8, the re- 
ceive buffer, in each channel. When reading the 
SCC, the address bits are not fully decoded, 
therefore the read data will appear at more then 
one address. This chapter provides informat ion 
necessary to program both versione of the SCC for 
each mode of operation as well as describing the 


Teble 3-1. SCC Register Descript ion 


READ REGISTER DESCRIPTION 
RRO Tranamit/Receive Buffer Status and External Status 
RRI Receive Condition Status/Residue Codes 
RRZ Interrupt Vector (modified in B Channel) 
RRS Interrupt Pending (Channel A only) 
RRB Receive Buf fer 
RR10 Loop/Clock Status 
RRIZ Lower Byte of Time Constant 
RR13 Upper Byte of Time Constant 
RRS External Status Interrupt Enable 


WRITE REGISTER 


DESCRIPTION 


Transmit /Receive Interrupt and Data Transfer 


Receive Parameters and Control 

Transmit /Receive Miscellaneous Parameters and Modes 
Transmit Parameter and Controls 

Sync Character or SOLC Address Field 


Miscel leneous Transmitter/Receiver Control Bits 


Lower Byte of Baud Rate Generator Time Const ant 
Upper Byte of Beud Rate Generator Time Constant 


WRO Command Register 
WRI 
Mode Definition 
WR2 Interrup Vector 
WR3 
WRG 
WRS 
‘ WRE 
WRT Syne Character or SDLC Flag 
WRB Transmit Buffer 
WRI Mester Interrupt Control 
WRIO 
WRIT Clock Mode Control 
WR12 
WRIS 
WRIG Miscellaneous Control! Bits 
WRIS 


txternal Status/Interrupt Cont rol 


SCC epproach to eateblishing each mode. In some 
* cases, methods for initielization and date trans- 
Fer are suggested end programming examples presen- 
ted. These are meant to serve as aids in introduc- 
ing detailed information and are not to be con- 
sidered the only approach to programming the SCC. 


The write registers for each channel ste progrem- 
med separately to configure the channel func- 
tions. In addition to the 14 write registers there 
are two registers, Write Register 2 and Write 
Register 9, shared by the two channels end acces- 


sible through either of them. Write Regiater 2 
contains the interrupt vector and Write Register 9 
contains the control bite for both channels. 


Read Registere 0, 1, 10, and 15 may be read to 
obtain atatus information. Read Registers 12 and 
13 may be read to obtain the beud rate generator 
time conatant. Read Register 2 contains either 
the unmodified interrupt vector (Channel A) or the 
vector modified by statue information (Channel 
B). Read Register 3 containa the Interrupt Pend- 
ing (IP) bite (Channel A). 


Table 32. 23030 7-SCC Register Select ion 
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Note: Shift Right/Shift Left = 0 
Iqnore = X 
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(RROB) 
(RR1B) 
(RR2B) 
(RR3B) 
RRB 


B Date 
Shared 


RRIOB 
(RR15B) 
RR12B 
RRB 
(RRB) 
RR15B 
RROA 
RRIA 
RR2A 
RRIA 
(RROA) 
(RRIA) 
(RR2A) 
(RRA) 
RRBA A Data 
Shared 
RRIOA 
(RRISA) 
RR12A 
RRISA 
(RRIOA) 
RRISA 


Table 3-2 (continued). 78030 I-SEC Register Select ion 


(RROA) 


(RRB) 
(RRIA) 
(RR2B) 
(RR2A) 
(RR3B) 
CRRIA) 
RRAB B Data 
RRBA A Data 
Shared 
Shared 


RRIOB 
RRIOA 
(RR15B) 
(RRISA) 
RR12B 
RRA 
RRi3B 
RR1I3A 
(RR10B) 
(RRIGA) 
RRISB 
RRISA 
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Note: Shift Right /Shift Left = 1 
Ignore = X 
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3.1 ADORESSING THE REGISTERS Different registers may be accessed depending on 
the setting of the Shift Right/Shift Left bit in 
Write Register 0 in Channel B . Tabte 3-2 shows 
the address used to select each register for each 
channel and shows which address lines are decoded 
The 728030 2-SCC registers are addressed with a depending on the setting of the Shift Right /Shift 
gingle instruction where eddress md data are Left bit. IF the Shift Right /Shift Left bit is 0, 


3.1.1 Addressing the 28030 7-SCC Registers 


presented to the chip within the same instruct ion AD, through ADs will be decoded (this bit is reset 
cycle. This direct accessing of registers is ac— by the hardware reset). The Z6001 and 78002 CPUs 
complished by decoding selected address bits on use this mode. If the Shift Right/Shift Left bit 
the address/data lines when the Address Strobe is 1, then ADg through AD, will be decoded. 

(A5) makes a Low to High transition. The actual 

data will be written into the SCC during the Low Each subsequent read and write cycle will follow 
to High transition of the Data Strobe (0S) signal. this pattern of register selection during AS and 


of bit manipulation during 0S. For exemple, if 
Write Register 3 ie to be eelected in Channel A 
using decoded eddress/date lines ADg through AD,, 
the following bit configuration is defined: 


Shift Right/Shift Left = 1 
Decoded Address Lines: 


ADg = 1 
AD, = 1 
MD? = 1 
AD = 0 
AD, = 0 


3.1.2 Addressing the 28530 SCC Registers 


Unlike the multiplexed Z-SCC, the nonmult iplexed 
78530 SCC requires two sequential accesses for 
register reade or writes. The first access is a 
write to a pointer and is then followed by e reed 
(or write) to the ectusl register. The 28530 SCC 
employs direct sddressing only for the dats regis- 
ters (Write Register 8 and Read Register 6). ALL 
other registers (with the exception of Write Reg- 
ister 0 and Read Register 0} sre accesesd with the 
aid of two pine (A/B and D/C) and six Command Rag- 
ister bits (Dg through Ds). 


Table 3-3 lista the bit configurations used to 
select registera for each stsete of the input 
select pins and the Command Register bits of « 
28530 SCC. If the A/B pin is High, » register in 
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Channel A is selected and, if Low, @ register in 
Channel B is selected. If the D/E pin is High 
(indicating a date transfer rather than e com- 
mand), Write Register 8 is selected if in a write 
cycle and Read Register 8 if in 8 read cycle. 


If the D/C pin is Low, the SCC performa the firet 
access of the two sequential accesses required for 
the 28530 SCC, Bits D5 through Og of the Command 
Register (Write Register 0) are referred to for 
the point to the selected register. Sits D3-Dg 
point to the selected register as shown in 
Figure 3-1. 


Bite Dy - Oe paint te the selected regiater 
6 chown tn Figure 3. 


Pepe 


Figure 3-1. 78530 SCC Register Select lon 
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Table 3-3 mapa the conditione for register selec- 


tion for the 28530. 
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Table 3-3. 
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78530 SCC Register Select ion 
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RROB 
RRIB 
RR2B 
RRIB 
(RROB) 
(RR1B) 
(RR2B) 
(RA3B) 
RRaB 
RROA 
RRIA 
RR2A 
RRSA 
(RROA) 
(RRIA) 
(RR2A) 
(RR3A) 
RRGA 
RRB 


RR108 
(RRI5B) 
RR1I2B 
RRB 
(RR108) 
RR15B 
RRBB 
RR8A 


RR1IOA 
(RRISA) 
RRI2A 
RR13A 
(RRIOA) 
RRI5A 
RRBA 


COMMENTS 


B Data 


A Data 
8 Data 
Shared 


B Date 
A Deta 
Shared 
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3.2 1/0 INTERFACE CAPABILITIES 


Regardiesa of the version of the SCC, all communi- 
cation modes are established by programming var- 
fous bit configurations into the control register 
set of the write registers. Once the registers 
have been initielized, data can be transferred. 
The direction of the data transfer depends on 
whether a read or a write cycle is in progress, 
and, as data ig received or transmitted, read 
register values may change, altering the direct ion 
of the data path. 


In the 28030 Z-SCC, the R/W input ia held High to 
read deta from a selected register. The data 
appears on the address/data lines and is trans fer- 
red in parallel to the CPU (or another parallel 
device). 


In the 78530 SCC, separate read (RD) and write 
(WR) inputs sre used in conjunction with the 
Data/Cont rol (0/C) inputs to determine the type of 
data and the direction of data flow ( Teble 3-4). 


The SCC offers the choice of Polling, Interrupt 
(vectored or nonvectored), and Slock Transfer 
modes to transfer data, status, and control infor- 
mation to and from the CPU. 


3.2.1 Polling 


In a polled environment, bita 3 and 4 of Write 
Register 1 are configured with Os to disable all 
receiver interrupts. This allows Read Register 0 
(status bit) and Read Register 2 (modified inter- 
rupt vector, Channe) 8) to be monitored and allows 


the software to determine when a received charac- 
ter is availsble. 


3.2.2 Interrupt Operat ion 


As a microprocessor peripheral, the SCC may re- 
quest on interrupt oly when no higher priority 
device is requesting one; i.e., when IfI is High. 
Through a combinetion of internal register bite 
and external interrupt lines, sach peripheral ia 
configured by both the system hardware and the 
software to communicate with the CPU on a priority 
basie. Figure 3-2 represents the interrupt struc— 
ture of a 28000 peripheral that contains four ex- 
ternsl 1/0 linea (IEI, INT, INTACK, IEO) and five 
internal register bits. These bits include: 


Interrupt Pending (1P) 
Interrupt Enable (IE) 

Master Interrupt Enable (MIE) 
Disable Lower Chain (DLC) 
Interrupt Under Service (IUS). 


De [Jue [Jace 


Ceo Ce 


ter RY IRTATR_ to 


FROM PULLUP RESISTOR TO AE) (HPUT 
ORIEO LINE OF HIGHER = TOCPU FROMCPU OF LOWER PRIORITY 
PALORITY DEVICE STATUS DEVICE 

’ DECODER 


Figure 3-2. Peripheral Interrupt Structure 


Table 3-4. Data Direct ion Cortral 


Write Register 
Commands 


Write Register 8 
Data 


Write Register 
Commands 


Read Register 
Status 


Read Register 8 
Data 


Read Register 
Status 


Write Register 8 
Det a 


Read Register 8 
Data 
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In order for the SCC to request an interrupt the 
first condition that must be met is that the 
Master Interrupt Enable bit is set (MIE bit 3 in 
WR9). Then, the specific Interrupt Enable (If) 
bit in WRI for one of the six interne] nterrupt 
sources must be set. Table 3-5 lists these six 
interrupt sources in their order of priority from 
high to low. 


Teble 3-5. Interrupt Source Priority 


Receiver Channel A High 
Tranamit Channel A 
External/Status Channel A 
Receiver Channel B 

Tranamit Channel 8 


External/Status Chennel B Low 


If an interrupt source IE bit is set, the SCC 
Interrupt Pending (IP) bite can then be set (reed 


_ in Read Register 3A), signalling the SCC's need 


for interrupt servicing. If I€I ia High, 
informing the SCC that no higher priority device 
is requesting interrupt servicing, the INT output 
is pulled Low, which is the SCC's interrupt re- 
quest to the CPU. The CPU acknowledges the inter- 
rupt by driving the Interrupt Acknowledge signal 
CINTACK) Low. 


When a 28030 Z-SCC responde to en Interrupt Ac- 
knowledge signal fromthe CPU, an interrupt vector 
from the channel requiring eervice is placed on 
the multiplexed Address/Date bus. The 78530 SCC 
reaponds to the TNTACK low by placing the vector 
on the data bus during a resd. This vector is 
written in Write Register 2 and may be reed in 
Read Register 2A or Read Register 28. 1o speed 
interrupt responae time, the SCC can also modify 
three bits in this vector to indicate status. If 
the vector is read from Channel A, status is never 
included; if it ia read from Channel 8, status ia 
always included. While the interrupt is being ser- 
viced (and if no higher priority device is re- 
questing an interrupt) the SCC seta the Interrupt 
Under Service (IUS) bit. This action pulls the 
ILO Low to inhibit ell lower priority interrupts, 
both internal and external to the SCC. Figure 35-3 
is a flowchart of the SCC interrupt protocol, and 
Figure 3-4 is the Interrupt Acknowledge State 
chart. 


3.2.2.1 Receiver Internat 
Receiver Interrupt on All Characters 


Each time a character reaches the top of the re- 
ceive FIFO, an interrupt te generated. Error and 
special receive conditiona generate apecial vec- 
tors if the Statue Affecta Vector bit (bit 4 of 
Write Register 9) is eet. Optionally, # parity 
error can be directed to generate the special re- 
ceive condition vector. 


TOPTION) CHECK OTHER 
INTERNAL IP, BITS, 
RESET 1UB AND EXIT 


(WTERAUPT 
STILL PENDING 
Pet} 
? 


Figure 3-3. Interrupt Flowchart 
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INTERRUPT Int oes QOES ACTIVE SETTLES GOES Away 
ACTIVE. 
lope ¢ SN 
{NTERRUPT = BIT eT SERVICE ROUTINE 
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Figure 3-4, Interrupt Acknowledge State Chart 


Bits 3 and 4 of Write Register 1 sre written with 
a 0 anda 1, respectively, to allow interrupts on 
all characters. Special conditions such ss re- 
ceiver overrun or parity errors generate inter- 
rupts in this mode. (Section 4.1.2 gives Further 
information on special condit ions.) 


Receiver Interrupt on First Cheracter 


This mode is normally used to start a Polling Loop 
or Block transfer instruction using the W/REQ 
signal ta synchronize the CPU or DMA device to the 
incoming data rate. In this mode, the SCC gener- 
ates an interrupt on the first received character 
and thereafter generates om interrupt only if 
special receive conditions are detected. The mode 
ig reinitialized with the Enable Interrupt On Next 
Receive Character command, which allows the next 
cheracter received to generate an interrupt. In 
this mode special receive condition interrupts are 
cleared by issuing an Error Reset Command (Write 
Register 0). Any received data is held in the 
receive TIFO until this command is issued. 


Receiver Interrupt on Special Condition Only 


In this mode only special receive conditions cause 
interrupts. A special receive condition is one of 
the following: End of Frame (SOLC), overrun error 
and, optionally, parity error. Whenever a special 
receive condition uccurs while in this mode the 


data in the receive FIFO is held until the Error 
Reset commend (Write Register 0) is issued. This 
eneures that the CPU has enough information to 
handle the error. 


Bits 3 and 4 in Write Register 1 sere both 
configured with ts to allow oly special 
conditions to cause interrupts. 


3.2.2.2 Uranenit Interrupt 


If the Transmit interrupt is enebled, bit 1 of 
Write Register 1 ie set to 1. INI is pulled Low 
when the transmit buffer is empty. 


3.2.2.3 External/Status Interrupt 


The main function of the External/Status interrupt 
is to monitor the signal transitions of the CTS, 
OCD, and SYNC pins, however, an External/Statua 
interrupt is also caused by a Trenamit Underrun 
condition, or a zero count in the baud rate gener- 
ator, or by the detection of a Break (Asynchronous 
mode), Abort (SDLC mode), or EOP (SOLC Loop mode) 
sequence in the data etream. The interrupt caused 
by the Abort or EOP has a special feature al lowing 
the SCC to interrupt when the Abort or EOP se- 
quence is detected or terminated. This feature 
facilitates Lhe proper termination of the current 
message, correct initialization of the next mess- 
age, and the accurate timing of the Abort condi- 
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tion in external logic in SOLC made. In SDLC Loop 
mode this feature allows secondary stations te 
recognize the wishes of the primery station to re- 
gain control of the loop during a pot! sequence. 


3.2.3 Block Transfer 


The SCC provides a Block Jranefer mode to accom- 
modate CPU block transfer functiona and DMA con- 
trollers. The Block Transfer mode usea the WAIT/ 
REQUEST output in conjuction with the Wait/Request 
bits in WR1. The WAIT/REQUEST output can be de- 
fined under software control as a WAIT line in the 
CPU Block Transfer mode or a3 a REQUEST line in 
the OMA Block Transfer mode. 


To a DMA controller, the SCC REQUEST output indi- 
cates that the SCC is ready to tranefer data to or 
from memory. To the CPU, the WAIT line indicates 
thet the SCC is not ready to tranefer data, there- 
by requesting that the CPU extend the 1/0 cycle. 
The DTR/REQUEST line allows full-~duplex operat ion 
under OMA control. 


3.2-3.1 Wait 


Wait Low extends the current CPU execution cycle 
by adding null (WAIT) periods to the CPU cycle. 
The Wait function is selected by setting bit 6 of 
Write Register 1 to 0 and then setting bit 7 of 
Write Register 1 to 1. In the Wait mode, the 
W/REQ pin is open-collector when inactive and Low 
when active. 


Bit 5=0 Bit 5=1 
W/REG is Low when W/REQ is Low when 
the tramsmit buffer the receive buffer 
is full and a write .is empty and @ read 


to Write Register 8 of Read Register 8 
is attempted. is attempted. 


3.2.3.2 DMA Request 


The DMA Request function is selected by setting 
bit 6 of Write Register 1 to 1 and then setting 
bit 7 of Write Register 1 to 1. This indicates 
that the SCC is ready to tranefer data to or from 
memory. In DMA Request mode the #/REQ pin is High 
when inactive and Low when active. The SCC gives 
only one falling edge on ®/REQ per request. 


BiL 5 =0 Bit 5=1 


W/REQ is High when W/REQ is High when 
the transmit buffer the recieve buffer 
is Full. is empty. 


3.3 SUPPORT CURCULIRY INITIAL LZATION 


In addition to the many available modes of 
communication, the SCC provides support for a baud 


rate generator, a Digital Phase-lock Loop (OPLL) 
for clock recovery, 8nd message encoding. 


3.3.1 Baud Rate Generator 


The baud rate generator must first be disebled for 
the time constant to be loaded. the formula for 
determining the time constant for a given cate is 
given below with the desired rate in bits per 
second and the baud rate clock frequency in 
seconds. 


Chock Frequency 
Sooo 2 Const ant 
2 (Desired Baud Rete) ime, Conet.an 
For example, using a 3.9936 MHz signal driving the 
baud rate generator, the time constants listed in 
Table 3-6 are loaded to obtain the desired baud 
rate. 


Example 1: (etn) 


2(9600)}/- 2 = 206 
Example 2: {3993600 
2(7200)f- 2 = 275.3333 


(Example 2 has an error of .12% because the Time 
Conatant can only be an integer value.) 


Once the baud rate generator is loaded with the 
Time Constant, it may be enabled by setting bits 1 
and 0 of Write Register 14 to 1. 


Table 36. Time-Constant Values 


Rate Time Const ant. trror 
19200 102 - 
9600 206 - 
7200 275 12% 
4800 ais ~ 
3600 553 -06% 
2400 830 - 
2000 996 04% 
1800 1107 03% 
1200 1662 - 
600 3326 =. 
300 6654 = 
150 13310 - 
134.5 14844 .0007% 
110 18151 -0015% 
15 26622 - 
50 39934 ~ 


3.3.2 Digital Phase-Locked Loop 


The SCC contains s Digital Phase-Locked Loop that 
recovers clock information from a data stream with 
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NAZI or FM coding. The DPLL is driven by a clock 
Nominalfy 32 (NRZI) or 16 (FM) times the date 
rate. The OPLL usee this clock, along with the 
data stream, to construct a receive clock for the 
data, 


NRZL encoding (DPLL) 


The DPLL counta the 32x clock to create tominal 
bit times. While counting, the OPLL is searching 
the data stream. Whenever an edge ia detected, the 
OPLL adjusta ite count (during the next count ing 
cycle) so that the terminal count is closer to the 
center of the bit cell. Ta determine how much of 
an adjustment. must be made, the DPLL divides each 
fAominel bit time into three regions. 


Region 1 extends from the DPLL count of 0 until 
halfway through count 15. Region 2 sxtende from 
halfway through count 15 until halfway through 
count 16. Region 3 extends from halfway through 
count 16 until the next count of 0. The data edge 
Normally occurs between counts 15 and 16 or in 
tegion 2, with no subsequent adjustment. No ad- 
juatment is necessary if there is no edge detec- 
tion during the O to 31 counting cycle. If the 
data edge eppears between counts 15 and 16, the 
falting edge output of the DPLL ia centered on the 
bit cell and is used by the receiver to sample the 
RxD input. 


If the transition in the incoming date stream did 
not occur during region 2, the OPLL needa to make 
an adjustment. to the counting sequence in order to 
bring its terminal count closer to the center of 
the bit coll. If the tranaition of the incoming 
data stream occura during region 1, the DPLL out- 
put is causing the date to be sampled too Jete in 
the bit cell. To cemedy thie situation, the DPLL 
shortens the count by one during the next count ing 
cycle. If the transition in the incoming data 
stream occurs during region 3, the OPLL output is 
causing the data to be sampled too early in the 
bit cell. In this caae, the count is extended by 
one during the next counting cycle. The small ad- 
juatments are chosen to prevent instabilities in 
the output of the DPLL, which cannot tell a noise 
edge from a data edge. By making the adjustments 
small, the system becomes highly averdamped, which 


is good for rejecting noise but increases the time 


required to lock up to the data atreem. 


Without @ special stertup procedure, the DPLL 
could require up to 16 transittons on the line to 
count the sampling edqe. this is clearly unaccep- 
table because in SDLC, there may be only three 
flags preceding the first frame. With NRZI, there 
ere only three trangsitiona on the line. To avoid 
this problem, the DPLL has a special Startup mode 


controlled by @ command in Write Register 10. In 
thia mode, the DPLL site et count 16 and waits 
for an edge. The First edge detected ia presumed 
to be ae valid data edge and the DPLL begins count - 
ing from that point. If the first edge was in fact 
a@ valid dats edge, the DPLL begins sampling cor- 
tectly in the middle of a bit cell. If the Firat 
edge the DPLL detected was 8 noise edge, then the 
OPLL will lock on, although it will take longer to 
do so. When the DPiL recognizes the first edge, 
the Startup mode is automatically cancelled. 


The maximum of one 32x clock correction per bit 
time places a constraint on the maximum errors 
allowed in the 32% clock rate. In SDLC, the 
longest time between fis is seven bit times, cor- 
responding to Flags with shared Os. To remain 
Jacked on the data stream, the number of errors in 
the 32x clock must be leas than the maximum number 
of corrections allowed in one step. A larger cor- 
rection might seem appropriate, but other consi- 
derations enter into the choice. If the DPLL is 
slso supplying the tranamit clock, large correc- 
tiona to the DPLL output introduce undesirabis 
amounts of jitter into the tranemitted data 
stream. 


The 32x clock for the OPLL can be programmed to 
come from either the RIxC input or from the output 
of the baud rate generator. 


3.3.3 Clocking Opt ions 


All tranemit and receive clocking options are 
selected via Write Register 11 (see Figure 3-5). 
Bits 0 and 1 are used to select output source for 
the TRxC pin. Bit 2 determines whether the TRxC 
pin is an output or an input. Bits 3 and 4 select 
one of four sources of tranamit clocks: 


s ATxC pin 

e@ TRC pin 

@ Baud rate generator output 
@ DPLL output 


Bite 5 and 6 select one of the four clock sources 
for the receive clock. Finally, bit 7 selects 
whether or not a crystal (XTAL) is connected to 
the RIxc pina. 


The Receive/Tranamit Clock (RTxC) input may supply 
the receive clock, the transmit clock, the clock 
for the baud rate generetor, or the clock for the 
Digital Phase-Locked Loop, These pine can also be 
programmed to use their respective SYNC pine es a 
crystal oscillator. 


The TRxCA/TRxCB pins may be programmed aa either 
inputs or scutputs. As an input, the pin supplies 
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Figure 3-5. Transeait end Clocking Opt ions 


sither the receive or transmit clock. Ags m 
output, it may supply the OPLL, crystal 
oscillator, baud rate generator, or the transmit 
clock. 


The output of the baud rate generator can be used 
as either the transmit clock, the receive clock, 
or both. It can also drive the the Digital Phase- 
Locked Loop. If the receive clock or tranemit 
clock ia not programmed to come from the TRxt pin, 
the output of the baud rate generator may be 
echoed out via the TRxC pin. 


3.3.4 CRC Error Checking 


A Cyclic Redundancy Character (CRC) error check on 
the receive message can be performed on a8 per 
charecter besis under progran control. The Re- 
ceive CRC enable bit 3 in Write Register 3 must be 
established by the progran before the next charac~ 
ter is transferred From the Receive Shift register 
into the Receive buffer. This ensures proper in- 
clusion or exclusion of data characters in the CRC 
check. 


To allow the CPU ample time to eneble or disable 
the CRC check on a particular character, the SCC 
calculates CRC eight bit times after the character 
has been transferred to the receive buffer. If CRC 
is enabled before the next character is transfer- 
ted, CRC is calculated on the transferred charac- 
ter. If CRC is dissbled before the time of the 
next tranafer, calculation proceeds on the word in 
progress, but the word just transferred to the 
buffer is not included. When this happens, the 
3-byte Receive data buffer ia unusable in Bisyne 
operation. CRE may be enabled or disabled a3 many 
times as necessery for a given message calcula- 
tion. 


Bit 6 of Read Register 1 contains the result of 
the CRC checker (after a 16-bit time delay for the 
data and CRC shift). The result should be zero, 
indicating an error-free transmission. The result 
is valid only at the end of CRC calculation. If 
the result ia examined before this time, it us- 
ually indicates an error. Also, the comparigon is 
made with each transfer end is valid only as long 
as the character remains in the receive FIFO. 


The fol lowing description is an example of the CRC 
checking operation when four characters (A,8,C, 
and D) are received in that order. 


Characters A and B are loaded into the Receive 
buffer. If CRC is disabled before character C is 
in the buffer, CRC is not calculated on B. After 
character C is loaded, the CRC Framing Error bit 
shows the result of the comparison through charac- 
ter A only. After character D is in the burfer, 
the CRC error bit shows the result of the compari- 
gon through character §, whether or not B was in- 
cluded in the CRC calculation. . 


Que to the serial nature of CRC calculation, the 
Receive clock (RxC) must cycle 16 times (to make 
up for the delay) after the second CRC character 
has been loaded into the Receive buffer. Or it 
must cycle 20 times (because of a three-bit buffer 
and 1-bit input delay) after the last bit is at 
the RxD input before CRC calculation is complete. 
A faster external clock can be gated into the 
Receive clock input to supply the required 16 cyc- 
les. 


3.@ ASYNCHRONOUS MODE 


The examplea described in the following sect ions 
are not to be considered the final word on SCC 
operation. The design engineer or programmer is 
free to manipulate the SCC in a large number of 
system configurationa and is encouraged to view 
the following example a9 a programming method and 
not as an element of constraint. 


Many types of asynchronous operation are implemen- 
ted in the SCC, thereby freeing the CPU of data 
comminication functions. On the modem interface 
side of the SCC are programmable pina, which pro- 
vide RS-232 interface capability. On the proces- 
sor interface end is an 68-bit bus connected di - 
rectly to the CPU data sines, which transfers us- 
able data to and From the CPU. On the SCC inter- 
face, all external and interrupt provisions are 
available to ensure interrupt priority, interrupt 
vectors, and shared CPU data acress. 
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In the Asynchronous mode, the receiver strips away 
expected start and atop bite st @ programmed clock 
tate, provides error checking for overrun, perity 
and carcier-loss errors, and, if desired, provides 
interrupts for these conditions. Conversely, the 
tranamit process inserts start, stop, and parity 
bits to a verieble dats format and supplies a 
serial data stream to the transmit data output. 


3.4.1 Trenseitter 


In the following tranemit initialization discus- 
aion, register sesignments establish an example of 
an asynchronous message format with one start bit, 
seven date bits, one parity bit, and two stop 
bits. Other asynchronous trensmit perametera are 
established during the following discuesion. 
Figure 3-6 detaila the registers and their asso- 
ciated bit optiona for programming asynchronous 
operations. Both the receive and tranemit para- 
meters can be established during the initialize- 
tion rout ine. 


The following paragrephs give en example of a 
programing scenario end refer to the register 
progremmed. More information on specific bit 
functions is presented in Chapter 4, where each 
register is explained in detail. 


The user should disable all interrupts with the 
Master Interrupt Enable (Write Register 9, bit 
3). Write Register 9 is aleo programmed st the 
beginning of the initialization routine to reset 
both Channels A and 8, deselect the vector, con- 
trol daisy-chain functions,and disable at] inter- 
tupte. This register is important during the be- 
ginning and end of softwere routines when register 
assignments are performed in anticipation of data 
transfer. 


For an example, the SCC transmit sequence will use 
the polled mode of operation; i.e., a8 the trane- 
mit buffer becomes empty, the program is forced ta 
jump to a transmit handler routine. in @ polled 
environment all appropriate interrupt modes are 
disabled, so the Transmit Interrupt Enable func- 
tion in Write Register 1 is dissbled. The Wait/DMA 
Request lines in Write Register 1 are temporarily 
disebled end are re-enebled when the initisliza- 
tion routine is complete. 


The bits in Write Register 4 sre extremely impor- 
tant to both the trenemit end the receiver opera- 
tions of the SCC and should be established first 
in the initialization routine. In the program 
exemple, two stop bits, odd parity, and the X16 
asynchronous clock are aslected. Further tranemit 
parameters are selected in Write Register 5 as 


seven bits per character, and the RIS is enabled. 
(The synchronous transmission attributes of Write 
Register 5 are simply left unprogrammed.) 


‘WRITE REGICTER 9 


MUST BE PROGRAMMED ZERO 


AUTO ENADLES 


{@[@ | mx sirscranacten 
[0] t | mx 7 errerchanacten 


‘WHITE REGISTER 4 


[oJ [e]e.Jo. [oo ]>.] 
| Li PARITY ENABLE 
PARITY EVENODD 
fe] ] svc moves enasie 
fe [t | 1 top prvcHanacten 


| 1 | @ | 1% stop errecHanacter 
[1 [9 | 2 stor erachanacten 


} vance 


[se] oe] x1 crock move 
fo] | xt ctocx wove 
[1] ] x32 crock move 
[+ [1] xee clock mone 


WASTE REGISTER 6 


[is 


Ts EARLE 
SEND GREAK 


[oe] ] tea orre (on teasycHanacten 
fe] | ter errecuanacten 
[1] 6] tse srracuanacten 
Lt] 1} tee eirecnanacren 


oT 


WASTE REGISTER 11 


fe To | raat our = xtat ourput 

[ols vat our = raansant crocn 

[+ | ¢ | rast out © on Generator output 
on 


THRE OUT = DPLL OUTPUT 


fo fe] taansmr crock = ATC pm 

Jo | t | YRawsMrr CLOCK © TRIC Pie 

[+ [© | rmansanr clock = @n agwenaton OUTPUT 
[1 [+ } rransur ciocx © oPu. curpuT 


[ee | neces ciocn » Avie pm 

fe | + | necewe ciock = TAst Pim 

[+ | @ | Recerve clock = an aenenaton OUTPUT 
Et [+ | necerve cLock » pei. ourruT 


W¥at 2tauNG RAL 


Figure 3-6. Asynchranowm Register Configurat lone 
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Write Register 11 selects a clock source for the 
tranemit data. For example, if the baud rete 
generator is selected as thet source, the time 
constant selected for the baud cate generator will 
provide the desired clock rate. Write Register 12 
contains the lower bytes of the time constant and 
Write Register 13 containa the upper byte. Write 
Register 14 disables DPLL. Write Regieter 10 en- 
ables the selection of data coding (NRZ, NRZI, 
FM1, ond FMO). The SCC trenemitter is now ini- 
tislized and is ready to tranefer CPU data to the 
external world. 


Dete Transfer 


The SCC inserts one start bit, calculates and in- 
serts odd parity, and eppends two stop bite to the 
character to be tranemitted. The entire character 
is then shifted out of the SCC to the modem at the 
Preselected clock rate. 


3.4.2 Asynchronous Receive * 


In the initialization routine for transmitter 
operation, many of the functions sre common to 
teceive initialization (Figure 3-6). The number of 
start, stop, and parity bit essignments are esaum- 
ed to be identical for two-way comeunicstion with 
an asynchronous device. Therefore, certain common 
slements ere combined within the write register. 
This example initializes the SCC receiver to 
trensfer data using interrupts. 


Write Register 0 is configured to enable inter- 
rupts on the next received character and to reset 
the Rx CRC Checker bit. Write Register 1 is 
instrumental in setting the various modes of 
interrupts. Receiver interrupts are defined by 
bits 3 and 4. In the following example, 
interrupts are generated on all received 
charactera or on a special condition. Notice thet 
perity errors are programmed as special 
condit ions. All modem interface signals are 
initialized et the end of the routine. 


Example: 


Since the Interrupt mode is selected, an interrupt 
vector is programmed to Write Register 2. Since 
there is only one interrupt vector, a way of dis- 
tinguishing between the varioue interrupts aveil- 
able would te valuable to the programmer. The vec- 
tor will be modified if the Vector Include Status 
{VIS) bit is set in Write Register 9. The VIS 
bit enables the SCC to modify either the three 
most significant bite or the three lesst signifi- 
cent bite of the vector in Write Regieter 2, de- 
pending on the setting of the Status High/Status 


Low bit in Write Register 9. In our Initializat ton 
ptogram for receiver operation in Channel A and 
with the Statue High/Statue Low bit equal to 0, 
the lower three vector bite are modified. Write 
Register 15 is also vital to the interrupt driven 
SCC because all of the miscellaneous interrupt 
sources ste enabled (OCD or CIS transitions and 
Break detect). 


The register values of Write Registera 3, 4,end 5 
are established in the transmit initialization 
routine and are common to those of the receiver 
operation. These values establish the Clock, 
parity end stop bite, and the number of bites per 
character. Write Registers 6 and 7 are not used 
in ssynchronous modee of operation. Write Regis- 
ter 11 is used to establish the source for the re- 
ceive and transmit clocks. The baud rate genera- 
tor ie selected ae the clock source with the iden- 
tical time conatant selected in the tranemit ini~ 
tislization routine vie Write Ragistera 12 and 
13. The generator must be enabled in Write Regis- 
ter 14, 


After the entire write register file is progrem- 
med, all of the enables are set as their essoci- 
ated routinea become apparent; i.e., Tx Enable 
(Write Register 5), Receiver Enable (Write Regis- 
ter 3), and all of the interrupt source enables in 
Write Register 1 are set. 


Receiver Deta Trenefer 


The SCC automatically stripe the start and stop 
bits from the character leaving only the right- 
justified data bite in the receive buffer (Read 
Register 8). Any errore occurring during the 
serial-to-paraliel conversion are proceased in a 
separate error-handling rout ine. 


The receive buffer can then be read by the CPU. A 
data read program module resets the IUS bit with a 
command in Write Register 0 so thet a new inter- 
rupt cen be generated in the event of enother 
teceived character. In a polled environmert, the 
only significant difference in receive operation 
is the inclusion of a software idle loop to in- 
apect Read Register 0 for a receive character 
available. 


3.5 SYNCHRONOUS MODE 


The SCC incorporates all of the internal logic 
necessary to handle synchronous modes of opera~ 
tion. Through the use of write registere al loc- 
sted for sync character storage as well as on-chip 
logic for CRC checking, the SCC minimizes software 
and hardware design tasks for any communicat iona 
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aystem using byte-oriented synchronous messages. 
This section details the steps involved in confi- 
guring the SCC to handle byte-oriented modes of 
communicat ion. : 


Fiqure 3-7 illustrates the differences between 
manosyne, bisyne, and external syne modes. Mono- 
sync mode tranamite @ single syne character, which 
is compared to an identical syne character in the 
receiver. When the receiver recognizes this syne 
character, synchronization ia complete and the 
receiver tranafers subsequent received characters 
to the receive FIFO. Sisyne mode uaes a 16-bit or 
12-bit) syne character to obtain synchronization. 
External Syne mode uses an external synchroniza- 
tion signal to mark the beginning of a data field; 
i.e., an external input pin (SYNC) indicates the 
start of the information field. In all synehron- 
ous modes, two cyclic redundancy check (CRC) bytes 
are added te the message to provide information 
about possible deta transmission errors. The CRC 
bytes are calculated and inserted in the tranamit- 
ted message to be compared to the CRC bytes calcu- 
lated in the receiver. The actual CRC bytes re- 
ceived are then compared ta the expected CRC 
bytes, and the reaults of this comparison are held 
in the receive error FIFO. 


3.5.1 Transmitter 


The system program must initialize the tranamitter 
with the fol lowing: 


Qdd or even parity 

The X1 Clock mode 

Transmitter enable 

Request to send 

Data terminal ready 

CRC polynomial 

Tranamitted character length 

Interrupt modes, sync characters and enablea 


One of two methods can be used for data transfer: 
interrupta or block transfer uaing WAIT or RE- 
QUEST, The External/Status Interrupt mode is used 


to monitor the status of the CTS input as well as 
of the Transmit Underrun/EOM latch. Optionally, 
the auto enable feature can be used to ensble the 
tranamitter when CTS ia ective. 


The TxD pin ia held marking after reset or if the 
transmitter isnot enabled. A break can be pro- 
grammed to generate a spacing line that begins 
with the next transmit clock after the send break 
is set. With the tranamitter fully initialized and 
enabled, the default condition is cont inuous 
transmission of the 6- or 6- bit sync character. 


3.5.1.1 Bisynchranous Trensmit 


Figure 3-8 lists the registers and their bits that 
are concerned directly with establishing a biayne 
message format. The bit configuration shown in the 
diagram serves only as an example to eid in the 
description of unique Features of the Bisyne mode 
oF operstion. The SCC registers wilt be programmed 
for no parity, the X1 Clock mode, one 16-bit sync 
character, the CRC-16 CRC polynomial, transmit en- 
ables, request to send, data terminal ready, in- 
terrupt modes, and transmit character length. 


3.5.1.2 Monosynchranous Transait 


Monosync Trenemit mode features initialization, 
status monitoring and dete transfer procedures 
identical to those of the Bisync mode with the 
following exceptions: only one sync charecter is 
programmed in Write Registers 6 and 7, and the 
6-bit or 8-bit select function in Write Register 
10 must be programmed. All other features of syn- 
chronova operation are identical to the Tranemit 
Bisyne mode of operat ion. 


In Write Register 0, the tranamit CRC generator 
must. be reset, as well as any external status in- 
terrupts,and then Write Register 4 must be ini- 
tialized before other bisyne functions are pro- 
grammed. Write Register 4 is configured to select 
the Bisynce mode end also set bite for no parity, 


SIGNAL 


MONOSYNC 


BISYNC 


EXTERNAL SYNC 


Figure 3-7. Synchronous Modea 
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sync mode enable, and the X1 Clock mode. 


Write Register 5 ia used to estsblieh the number 
of bits per character trunamitted. Write Register 
5 also selecte the the CRC-16 polynomial (the SOLC 
CRC polynomial could be selected), the transmit 
enable and the transmit CRC enable. 


Write Registers 6 and 7 contain the tranemit sync 
cherscters. Each time the CPU inetructa the SCC to 
transmit ea Bisync message, two sync cheractera are 
sem prior to the actual date. Write Register 6 
and Write Register 7 are progremmed to store these 
sync charactera. The receiver portion of the Bi- 
sync device must use the identical sync characters 
or else the tranamitted measage will never be ac- 
cepted. 


Write Register 9 must be accessed several times 
during initialization; initially to reset the pro 
grammed channel, and et the end for setting the 


Master Interrupt Enable (MIE). Interrupt and vec- 
tor variables are also programmed here. 


Write Register 10 containe a few tranamitter con- 
trol bite that sre important for Sisync opera- 
tion. The programmer has the option of preset t ing 
the CRC generator to either a11 Oe or alt is. 


The transmit clock is established in Write Regis- 
tec 11. If the baud rete generator or external 
clocks are used as @ clock source, Write Regiater 
14 must be configured accordingly. Write Register 
1 is the lest register to be programmed in the 
initializetion routine; it allows the programmed 
interrupt conditiona to operate. At this point, 
bisyne transmit initiatization is complete and the 
controller is ready to transfer data. 


Figure 3-B shows the registera selected in Bisync 
mode that are used to establish the serial trans- 
mit funct ions. 
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Figure 3-8. Jrensait Bisyne Mode of Operat ion 
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(cont inued) 
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When the initialization process is completed, 
several methods of data transfer are available 
using various combinetiona of interrupt or Wait / 
OMA Request schemes. fhe Z-SCC cont inual ly moni- 
tors all transmit conditions end sets various bits 
in the read registers, which may or may not gener- 
ate interrupts. 3 


Bisyre Trenseit Terainat ion 
The SCC is equipped with a special termination 


feature that maintains date integrity and veli- 
dity. If the transmitter is disabled while @ data 


or syne character is being sent, the character is 
sert es usual but is followed by a marking line 
rather than syne or CRC characters. When the 
transmitter ia disebled, a cheracter in the buffer 
remains in the buffer. If the transmitter is dis- 
abled while CRC is being sent, the 16-bit trans- 
mission is completed, but aync is sert instead of 
CRC. 


If the External/Status Interrupt Enable bit ia 
set, transmitter conditions such as Tranamit 
Underrun/EOM and = CTS state change cause inter- 
tupts and the data trensfer is halted to allow the 
program to service the interrupt. 
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Bisync Transit Underon 


When the transmitter hag no further data to trans- 
mit, the SCC inserts bisyne filler charecters to 
maintain synchronization. The SCC has two pro- 
gtammable options for handling this situation: 
syne characters can be inserted or the CRC charac- 
ters generated so far can be sent (followed by 
syne characters). These options are controlled by 
the Reset Tranemit Underrun/Etnd of Message (E0M) 
commend in Write Register 0. 


Following a chip or channel reset, the Transmit 
Underrun/LOM status bit in Read Register 0 (bit 6) 
is in a set condition and allows sync characters 
to be inserted when there is no deta to send. CRC 
is not calculated on the automatically inserted 
ayne characters. When the CPU detects the end of 
the message, a Reset Tranemit Underrun/E0M command 
can be issued. This allows the CRC to be sent 
when the tranamitter has no data. In this case, 
the SCC sends CRC followed by syne characters that 
terminate the message. 


There is no restriction as to when in the message 
the Trensmit Underrun/EOM bit can be reset. If 
the reset is issued after the firet data character 
hes been loaded, the 16-bit CRC is sert and fol- 
lowed by sync characters the first time the trans- 
mitter has no characters to send. Because of the 
transmit underrun condition, an External/Statua 
interrupt is generated whenever the Tranemit Un- 
derrun/EOM bit is set. 


In the case of sync character insertion, an inter- 
rupt is generated only after the First automat i- 
cally inserted syne character is losded. The 
status bits indicate that the Tranamit Underrun/ 
£0M bit and the Tranamit Buffer Empty bit are set. 


In the case of CRC insertion, the Transmit Under- 
tun/EOM bit is set and the Trenamit Buffer Empty 
bit is reset while CRC is being sent. When CRC is 
completely sent, the Transmit Buffer Empty status 
bit is set and an interrupt ia generated, indica- 
ting to the CPU thet enother measage can be 
sent. This interrupt occure when CRC has been sert 
and the syne character is loaded. If no more mes- 
sages are to be sert, the program can terminate 
transmission by resetting Request Ta Send (RTS) 
and resetting bit 3 in Write Regiater 5. Ped char- 
acterea (inserted to meet charecter court require- 
ments) can be sent by setting the SCC to eight 
bite per trenamit character and by writing all is 
to the transmitter while CRC ie being sent. Alter- 
netively, the sync chercters can be redefined as 
pad characters during this time. 


After the last data byte hes beon written to the 
7-SCC, the CPU isaues the Reset Transmit Under- 
tun/EOM Latch command and satisfies the interrupt 
with the Reset Ix Interrupt Panding command, which 
prevents the SCC from requesting more data. The 
SCC then senda CRC (because of the tranamit under- 
tun condition}, which causee the External /Statue 
interrupt with the Tranemit Underrun/E0M Latch 
set. The CPU satisfies this interrupt by loading 
pad characters into the tranemit buffer in Write 
Regiater 8 and then issuing the Reset /External 
Status Interrupt command. In this sequence, CRC is 
followed by s pad character instead of a sync 
character. Note thet the SCC issues an interrupt 
when CRC is completely sent and that the pad char- 
acter ie losded in the Tranamit Shift register. 
The CPU can now send more pad charecters or sync 
characters. 


3.5.1.3 External Syne Mode 

All initislizetion procedures, data transfer 
methods, and status monitoring of the External 
Sync mode are identical to those of the Monosync 
mode except the SYNC pin on the SCC is used a8 an 
input For synchronization in the receiver. The 
tranamitter is in Monosync mode when External Sync 
mode is selected for the receiver. 


CAC Generation Mode 


Setting the Transmit CRC enable bit 0 in Write 
Register 5 initistes CRC sccumulation when the 
Program sends the first date character to the 
SCC. Although the syne characters are inserted 
sutomatically, manually inserting a few eddit ional 
sync characters ensures synchronization et the 
receiving end. 


The Tranamit CRC eneble bit can be changed on the 
fly at any poirt in the message to include or ex- 
clude a perticular data cheracter from CRC accumu- 
lation. The Tranemit CRC enable bit should be in 
the state desired when the date character is load- 
ed from the tranemit data buffer into the Transmit 
Shift register. To enaure the proper state of 
this bit, the Tranemit CRC eneble bit must be iss~ 
ued before sending the dats cheracter to the SCC. 


3.5.1.4 CRC transmission (Transparent Mode) 


A Transparent mode of operation is made possible 
with the SCC's ebility to change the Tranemit CRC 
ensble bit st any time during progrem sequencing 
and the sdditional capability of insert ing 16-bit 
sync characters. Exclugion of OLE (Data Link 
Eacepe) charecters from CRC calculation can be 
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achieved by disabting CRC calculations immediately 
preceding the DLE character transfer to the SCC. 
In the case of a transmit underrun condition in 
the Jransparert mode, 0 pair of DLE-SYNC 
charactera are sent. The SCC can be programmed to 
send the DLE~SYNC sequence by loading a DLE 
character into Write Register 6 and a SYNC 
character in Write Register 7. 


3.5.1.5 Trenseitter to Receiver Synchroni zet ion 


The SCC offers a method of forcing charecter-syn- 
chronization between the tranamitter and the re- 
ceiver. That is, if both receiver and tranemitter 
are programmed for the same number of bite per 
character, the character boundaries will be align- 
ed, This feeture worka in Monoaync with six or 
eight bit sync characters, fo force aynchroniza- 
tion both transmitter and receiver must be dis- 
abled and the Loop mode and Go Active On Poll 
(GAOP) bita in WRI0 are set. Then the tranamitter 
and receiver are enabled, in that order. While the 
tranamitter is disabled, end until it goea active, 
it gends continuous 19 unlesa Break is programmed, 
in which case it sends all Os. Once the receiver 
is enabled it is in Hunt until a sync character ia 
recognized. Once a sync character is recognized 
the tranamitter waite one character time and then 
goes active in character synchronization with the 
receiver. If Break waa programmed it is automat i- 
cally removed when the trenamitter ia activated. 
The On Loop bit in Write Register 10 is set at 
thia time and the Loop Mode and GAOP bits may now 


be reset at any time, as the tranemitter and 
receiver are now operat ing independent ly. 


3.5.2 Receiver 


Byte-oriented receiver programa are usually ini- 
tialized with the following parameters: odd or 
even parity, 8- or 16-bit sync characters, the X1 
Clock mode, the CRC polynomial, and the receiver 
character length. The syne cheractera must be 
loaded into Write Registers 6 and 7. The receivers 
should be enabled only after all of the receive 
parameters have been esteblished. 


When this is done, the receiver ertere the hunt 
phase and remains in Hunt mode until character 
synchronization is achieved. The fallowing sec- 
tions describe receive parameters unique to the 
various modes of operation. The most extensive 
discussion is spplied to the more common Bisync 
mode of operat ion. Monosync and external syne dis- 
cusaione are confined to their unique elements. 
For information on special conditions, interrupts, 
and data tranefer methods, refer to the bisync 
sect ton. 


3.5.2.1 Bisync Receiver Initialization 


During transmitter initiatizetion for the Bisync 
mode, many of the receiver parameters are also 
established. figure 3-9 highlights those elements 
unique to receiver initialization. 
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Figure 3-9. Receive Bisync Mode 
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Figure 3-9. Receive Bisync Mode (cant inued) 


The Following receive parameters ere programmed: 
no parity, 16-bit sync cheracters, the X1 Clock 
mode, the CRC-16 polynomial, receive character 
length, and syne charecters. The receivera can be 
enabled only after all parametera are established 
slong with the interrupt and special condition en- 
ables. 


3.5.2.2. Manosync 


Since monosyne operation implies «6 single 
synchronization character (ss opposed to two sync 
characters for bisync), all operating paerametere 
sce identical to Bisyne. These include the 
tesetting of the CRC checker, End Of Message (E0M) 
Istch, the enabling of interrupt and receive 
character conditions, and enables for CRC, 
synchronous modes, and the monosync receiver. The 
6- or 8-bit syne character is established in 
Write Register 6 and selected by bit O of Write 
Register 10. 


Dats transfer and status monitoring in Monosync 
mode is identical to that in Bisync mode. 


Initialization 


The Command Register (Write Register 0) is used to 
reset the external/status interrupts, reset any 


errors, and reset the receive CRC checker. 


Write Register 3 selects the number of bite per 
character, enables the receiver, and enables the 
CRC checker, Hunt ia automatically entered when 
the receiver is enabled, which initiates @ compar- 
ison of incoming syne characters to the programmed 
value of Write Register 6 and Write Register 7. 
Comparison continues until character synchronize- 
tion is complete. Before data is transferred, the 
Teceiver must leave Hunt. If desired, the leading 
sync characters of the message can be prevented 
from being loaded into the receive FIFO (and the 
CPU) by setting the Sync Character Load Inhibit 
bit in Write Register 3. Enabling the receiver is 
the leat operation before data transfer begins. 


Write Register 4 selecte the Bisyne mode of opera- 
tion, enables synchronous operation, and est ab~ 
lishes parity and clocking functions. Since the 
Bisyne mode was selected, Write Registera 6 and 7 
are programmed with two bytes of sync cheractere 
(ugually the same aa the transmitted bisyne char- 
acters). 


Data Tranefer 


After character synchronization ia achieved, the 
assembled characters are transferred to the re- 


aueans 


3-19 


ceive date FIF . During the monitoring period, 
interrupts are checked and CRC is calculated. 


3.5.2.3 External Sync 


in External Sync mode, the SCC utlizes the SYNC 
input pina. In this made, SYNC must be driven Low 
two receive clock cycles after the last bit in the 
received sync charecter. Character assembly be- 
gina on the rising edge of the receive clock im- 
mediately preceding the activation of ‘SYNC. 


The External Sync mode must be selected in Write 
Register 4. All other synchronous quelitiea are 
identical to those in the Bysyne mode of opera- 
tion. 


3.6 SOLC MODE : 

SOLC mode differs considerably from Monosync and 
Bisync modes; it is bit-oriented rather than char- 
acter-oriented and can handle transparent opera- 
tion naturally. Bit-orientation makea SDLC flex- 
ible in terms of message length and bit patterns 
(Figure 3-10). 


The SOLC message, called the frama, is opened and 
closed by flags which are a bit pattern of 
O1711110. The SCC handles the trenemission and 
recognition of the fleg characters that mark the 
beginning and end of a Frame. The SCC can receive 
shared-zero Flags, but cannot transmit them. The 
8-bit address field of an SOLC frame contains the 
secondary station address. The SCC has an Address 
Search mode used to recognize 8 secondary station 
address. In this manner, the SCC can determine 
which Frames ‘to send to the CPU. 


Since the control field of the SDLC frame is 
transparent to the SCC, it is simply tranferred to 
the CPU. The way in which the SCC hendles the CRC 
simplifies programming by incorporating euch fea- 
tures a3 initializing the CRC generator, resetting 
the CRC checker when the opening Flag is detected 
in the Receive mode, and sending the CRC flag se- 
quence in the Transmit mode. Zeros are automat i- 
cally inserted and deleted by logic contained in 
the SCC. . 


3.6.1 SDLC Transmitter 


To program the SCC for SOLC operation, the write 
tegisters sre losded with specific SOLC para- 
meters: SDLC mode, SDLC-CRC polynomial, request- 
to-send, date terminal ready, transmit character 
length, Transmit Interrupt mode, transmit enable, 
auto enables, and externsl/status interrupts en- 
sble. 


The SDLC-CRC polynomial must be set in SDLC mode. 
The CRC generator and checker may be preset to all 
1a or all Os. After reset ond initielization, xD 
is held in marking state. After the transmitter 
is enabled, cont inuous Flags are transmitted. 


The Reset Tx CRC Generator command in Write Regis- 
ter 0 should be issued after the transmitter is 
enabled to initialize the CRC generator. Write 
Register 1 is used to establish the Weit/DMA Re- 
queat on Receive/Trensmit. 


Write Register 4 must be programmed before any 
other registers to select the SOLE mode by writing 
e 10 to bits 5 and 4 Bite 6 and 7 of the same 
register sre used to select the 1X Clock mode. 
The CRC polynomial ie selected in Write Register S$ 
by programming a 0 into bit 2, while the Tranemit- 
ter enable bit 3 is set following the initisliza- 
tion rout ine. 


Write Register 6 is programmed to contain the 
secondary sddrese field (control field), used to 
compare against the address field of the SDLC 
frame, and Write Register 7 is programmed to con- 
tain a Flag character (01111710). 


Write Register 9 is the Master Interrupt Control 
register. Write Register 10 contains the 
Go-Active-On-Poll bit and the Loop Mode bit for 
configuring SDLC operat ion. Bit 3 is the 
Mark/Idle Fleg bit used in SOLC mode to control 
the idle line condition. Write Register 11 
selects the source of the transmit clock while the 
selected time constant is programmed in Write 
Registers 12 and 13 (if the beud rate generator is 
selected). 


The source for the baud rate generator is selected 
in Write Register 14 from either the Crystel 
(XTAL), PCLK, or Rix€ pina. Write Register 15 
establishes the enable conditions for all inter- 
rupts. 


RE ace 


SDLCINDLCIX.25 


Figure 3-10. 


SDLC Message Format 
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3.7 SDLC DATA TRANSFER MODES 


The actual data exchange between the CPU, the SCC, 
and the selected peripheral depends on the write 
register configuretion of either the Interrupt or 
Polled mode of operation and the etete of the ex- 
ternal pine. 


3.7.1 Interrupt Mode 


If tranemit interrupts are enebled, an interrupt 
is generated each time the transmit buffer becomes 
empty. This interrupt cen be satisfied either by 
writing another character into the transmitter or 
by issuing the Reset Ix Interrupt Pending com- 
mand. If nothing more is to be written into the 
tranemitter, no further interrupts occur. This 
results in @ tranamitter underrun condition. When 
enother chsracter is written and sent out, the 
tranemitter can become empty again and interrupt 
the CPU. (When the transmitter ie first enabled, 
it is alresdy empty snd cannot interrupt until the 
firat deta character is written.) 


3.7.2 Osta Transfer Using Wait /0A Request 


The WAIT signal indicates to the CPU that the SCC 
is not ready to accept data and that the CPU must 
extend the 1/0 cycle. When information is sent to 
a DMA controller, REQ indicates an empty buffer. 
Care must be teken to ensure the arrival of @ new 
dats cheracter from the CPU before the Transmit 
Shift register becomes empty. If thia does not 
happen, the SCC enters a transmit underrun 
condition. 


3.7.3 SDLC Treneait Cheracteristica 


The SCC can tranemit SDLC fremes of any length. 
This is accomplished by changing the number of 
bits per character to be tranemitted (in Write 
Register 5) om the Fly. Any tranemit data written 
to the SCC after the bits per character field ie 
changed sre affected by thia change. the same is 
true of any characters in the buffer at the time 
the bits per character field is changed. A trane- 
mitted frame can be terminated by CRC and a flag, 
by a flag only, or by an abort. This is controlled 
by the Ix Underrun/E0M Jatch and the Abort/F lag on 
Underrun bit in Write Register 10. The idle line 
condition may be flage or continuous 1s. This is 
controlled by the Mark/Flag Idle bit in Write 
Register 10. 


Traneait Underrun, CRC Transmission 


The state of the Transmit Underrun/EOM command 
determines SCC action in handling underrun situa- 


tions which occur when no bits are remaining in 
the Shift register and the buffer is empty. [he 
SCC can terminate an SOLC frame by sending two CRC 
bytes followed by one or more flag chaerecters. 
This procedure allows high speed DMA or block 1/0 
inatructions without CPU intervent ion. 


When the Tranamit Underrun/EOM bit is vet, CRC 
characters cennot be inserted into the message 
stream. However, the SCC sende the frame as scon 
aa dats is written into the buffer, and between 
the time the first data byte is written and the 
end of the message, the Tranemit Underrun/EOM bit 
must be reset. Resetting thia bit allows CRC and 
Flaga to be aent when there is no data to send. 


When CRC transmission begins, the Ix Underrun/EOM 
Jatch is set causing an External/Statua interrupt 
if enabled. At the same time, the Tx Buffer Empty 
bit is reset, indicating that CRO transmission has 
begun. At the end of CRC transmission, when the 
closing Flag is loaded into the Transmit Shift re- 
gister, the Ix Buffer Empty bit is aet. IF trane- 
mit interrupta are enabled, a tranamit interrupt 
is generated. If REG has been ensbled,it will 
pulse Low for one PCLK cycle when the Ix Buffer 
Empty bit is set, requesting the first byte of the 
next frame. 


The CRC preset 1/0 and Transmit CRC eneble bita 
must be programmed before the first deta is writ- 
ten to the SCC. Chennel resets and hardware re- 
sets do not preset the CRC generator, so the Reset 
Tx CRC Generator command must also be issued after 
the tranamitter is enebled but before the first 
data is written to the SCC. 


3.7.4 SDLC Receiver 


Once SOLC mode is selected in Write Register 4, 
the other registers pertinert to SDLC mode opera- 
tion can be programmed. The SOLC CRC polynomial 
must be selected in Write Register 5. Write Re- 
gister 3 selects the bits per character a3 well as 
Addreas Search mode and Rx CRC enable. The SDLC 
Flag and receiver address field should be program- 
med into Write Register 6 and Write Register 7, 
respectively. The underrun, idle line, and CRC 
Preset options in Write Register 10 are program 
med, and then the receiver should be enabled by 


“programming Write Register 3. The receiver is in 


Hunt mode when it is first enabled. 
3.7.4.1 SOLC Receive CRC Checking 
Control of the receive CRC checker is automat ic. 


It is reset by the leading fiag and CRC is calcu~ 
lated up to the final flag. The byte with the 
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End-of -Frame bit set is the byte that contains the 
cesult of the CRC check. The Laat byte of a frame 
transferred to the receive FIFO ia not bits 0 to 7 
of the CRC, but ia bits 2 through 9 of the CRC, 
The last two bits before the closing flag are 
never tranafercad to the CPU. If the CRC error 
bit is not set, a correct CRC was received. A 
special check sequence is used for the SDLC check, 
because the SCC inverts the CRC character before 
transmission. The final check must match a binary 
60011 10100001.111, 


3.7.4.2 Mut mode, Address Search 


The SDLC receive sequence begine when the SCC 
enters the Hunt mode. This mode is entered upon 
receive enable, abort detect, or by software com- 
mand. In the Hunt mode, the SCE searches for flag 
characters, and when it detects a Flag, an inter- 
rupt is generated. The SCC then exits the Hunt 
mode and enters Addrese Search mode. 


If the Address Search bit in Write Register 3 is 
set, the first non-flag character following & flag 
is compared to the programmed address in Write 
Register 6 and the hardwired global address 
(119119194). If the SDLC frame addresa field 
matches either of these addresses, data transfer 
begins. Upon receipt of a valid Flag, the assem- 
bled characters are transferred to the receive 
data FIFO, 


3.7.4.3 SDLC Loop Mode 


When the frame ia complete and CRC has been sent, 
the SCC closea with a flag and reverts to One-Bit 
Delay mode. The leat zero of the flag and marking 
line echoed from the RxD pin Form an EOP for se- 
condary stations further down the loop. If the 
Go-Act ive-On-Poll bit (Write Register 10) is not 
set at the time the EOP passes by, the SCC cannot 
send @ message until a Flag (terminating the cur- 
rent polling sequence) and another EOP are ro- 
ceived. The loop sending bit in Read Regiater 10 
is set to indicate when the SCC is transmitting a 
MES SAGE 


If the SDLC Loop mode is deselected, the SCC is 
designed to exit from the loop gracefully. When 
SOLC Loop mode is deselected by writing to Write 
Register 11, the SCC waits until the next polling 
cycle to remove the t-bit delay. -If a palling 
cycle is in progress at the time the command is 
written, the SCC finishes sending any messages in 
Progress, ends with an EOP, and disconnects TxD 
from RxD. If no message is in progress, the SCC 
immediately diaconnects xD from RxD. [Ff a polling 
cycle is not. in progresa st the time the command 
ie given, the SCC waits until on ENP is recngnized 


to disconnect. TxD from RxD. To enaure proper loop 
operation after the SCC goes of f-loop, and until 
the external relays take the SCC completely out of 
the loop, the SCC ahould be programmed for mark 
idle instead of Flag idle. When the SCC goes of F~ 
loop, the on-loop bit is reset. SOLC Loop mode is 
itlustrated in Figure 3-11, 


CONTROLLER 


Figure 3-11. SDLC 


NRZI and FH in SDLC Loop Mode 


The SCC gives the user the option of using NRZI or 
FM in SDLC Loop mode by programming Write Register 
10 appropriately. The SCC monitors the incoming 
deta stream and automatically adjusta ite encoding 
logic so that noise is not introduced into the 
loop. 


The off-laop procedure can be complicated. With 
NRZI or FM encoding, the outpute of secondary sta- 
tiona in the loop can be inverted From their in- 
puts because of messages they have transmitted. 
Removing the atationa from the loop (removing the 
1-bit delay) may cause problems further dom the 
loop because of extraneous transitiona on the 
line, The SCC avoids thie problem by making 
transparent adjustments at the end of each frame 
dt sends in response ta an COP. A response frame 
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from the SCC ia terminated by # Flag and an EOP. 
Normally, the Flag and EOP share a zero, but if 
doing 80 would cause the RxD and TxD pina to be of 
opposite polerity after the EOP,.the SCC adds an- 
other zero between the Flag and EOP, This causes 
an extra line transition so that RxD and TxD will 
be identical after the EOP ia sent. This extra 
zero ia trensperent and means only that the flag 
and the EOP no longer share a zero. Loop exit is 
thus simplified ao that all that ie necessary for 
a@ proper loop exit is the removal of the 1-bit 
delay. 


3.6 Auto Echo Mode 


The SCC can automatically echo everything received 
from the serial deta stream. This feature is use- 
ful in asynchronous modes and also works in byte- 
oriented and bit-oriented modes. Auta Echo mode 
ia selécted by writing the appropriate control 
word to Write Register 11. In Auto Echo mode, TxD 


da connected directly to Rx0. In Auto Echo mode, 
the CTS input is ignored as 8 trensmitter enable, 
although transitions on this input can still cause 
inteccupts if programmed to do so. In this mode, 
the trenemitter is actually bypassed and the 
Programmer should disable tranemitter interrupta 
and the WAIT/REQUEST pin on tranamit. 


The SCC also hes a Local Loopback mode. In Local 
Loopback mode, the interna) transmit date is tied 
to the internal receive date and RxD ia ignored. 
Tranamit data still goes to TxC. In Local Loop- 
back mode, the CIS and DCD inputs are ignored aa 
transmit end receive enables, but transitions on 
these inputs can still cause interrupts. Local 
Loopback works in Asynchronous, byte-orlented and 
bit-oriented synchronous modes with NRZ, NRZI and 
FM coding of the data stream. In either of these 
modes the full range of clocking optiona is still 
available to the user. 


Chapter 4 
Register Description 


4.0 REGISTER DESCRIPTION 


The following sections describe the Z-SCC regis- 
ters. fach register is detailed in terme of bit 
configuration, the active statea of each bit, 
their definitions, their functions, and their 
effects upon the internal hardware sand external 
pins. 


4.1 WRITE REGISTERS 


The Z-SCC write cegister set includea ten control 
registers, two sync character registers, two baud 
rate time constant registers and a transmit buffer 
in each channel, and one master interrupt regis- 
ter. The only difference in register definition 
between the 28030 and Z8530 versions of the Z-SCC 
exists in the command decode structure. The fol- 
lowing sections describe in detail each write 
register and the associated bit configuration for 
each. 
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Figure 4-1. Command Register (8530) 


4.1.1 Write Register 0 (Command Register) 


WRO is the command register and the CRC reset code 
register. WRO in the Z8030 version varies slight- 
ly from that in the 28530 version. Figure 4-1 
shows the bit configuration foe the 28530 version 
and includes register select bits in addition to 
commend and reset codea. Figure 4-2 shows the bit 
configuration for the 28030 version and includes 
(in Channel 8B only) the address decoding select 
described in the Programming section. The fol low- 
ing bit deacription for WRO is identical for both 
versiona except where specified. 


Bits D7-D6: CRC RESET ONDES G AND 1 


Null Codes (00). This command has no effect on 
the Z-SCC end ia used when a write to WRO is 
necessery for some reeson other then a CRC Reset 
command. 


Reset Receive CRC Checker (01). This command ie 
used to initialize the receive CRC circuitry. It 
is necessary in synchronous modea (except SOLC) if 
the Enter Hunt Mode command in Write Register 3 ia 
not issued between received messages. Any action 
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Figure 4-2. Cousand Register (8030) 
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_that disables the receiver initializes the CRC 
circuitry. Resetting the Receive CRC Checker 
command is accomplished automatically in SOLC 
mode, 


Reset. Tranemit CRC Generator (10). This command 
initializes the CRC generator. It is veually 
issued in the initialization routine and after the 
CRC haa been transmitted. A Channel Reset will 
not initialize the generator and this command 
should not be issued until after the transmitter 
hes been enabled in the initialization rout ine. 


React Transmit Underrun/EOM Latch (11). This 
command controle the transmission of CRC at the 
end of transmiasion (FOM). If this letch has been 
reset end a transmit underrun occura, the 2-SCC 
automatically appends CRC to the message. In SOLC 
mode with Abort On Underrun selected, the SCC 
sends an abort, end Fleg on underrun if the Tx 
Underrun/E0M latch has been reset. 


At the start of the CRC transmission, the Tx 
Underrun/EOM latch is set. The Reset command can 
be issued at any time during a message. If the 
transmitter is disabled, thie command will not 
reset the latch. However, if no External Statua 
interrupt is pending or if a Reset External Status 
Int command accompanies this command while the 
tranemitter is disabled, an External/Statue inter- 
cupt is generated with the Tx Underrun/EOM bit 
rest in RRO. 


Bite Ds-Dy: COMMAND CODES 


Null Code (000). The Null command has no effect 
on the Z-SCC, 


Point High (001). This command effectively adds 
eight to the Register Pointer (B2-B0) by allowing 
WRB through WR15 to be accessed. The Point High 
comand and the Register Pointer bits are written 
simultaneously. This commend is used only in the 
726530 version of the Z-SCC. In the 28030 version, 
the registers are acceased aa described in the 
Prograaming sect ion. 


Reset External/Status Interrupta (010). After an 
External/Status interrupt (a change on a modem 
line or a4 break condition, for example), the 
status bits in RRO ere latched. This command 
te-enables the bits and allows interrupts to occur 
again as a result of a statue change. Lateching 
the status bits captures ahort pulses until the 
CPU has time to read the change. The SCC contains 
aimple queueing logic associated with most of the 
external status bits in RRO. If another Cxternal/ 
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Status condition changes while a previous condi- 
tion is still pending (Reset External /Stetus 
Interrupts hes not yet been issued) and this con- 
dition persists until after the command is issued, 
this eecond chenge causes another External/Status 
interrupt. However, if this second status change 
does not persist (there are two transitions), 
another interrupt is not generated. Exceptions to 
this rule are detailed in the RRO description. 


Send Abort (011). This ‘command is used in SOLC 
mode to transmit a sequence of eight to thirteen 
1a. This command always emptiea the transmit 
buffer and seta the Tx Underrun/EOM bit in Read 
Register 0. 


Enable Interrupt a Next fx Cherecter (100). If 
the interrupt on the First Received Character mode 
is selected, thia command ia uaed to reactivate 
that mode efter each message is received. The 
next character to enter the receive FIFO causes a 
Receive interrupt. Alternatively, the first 
previously atored character in the FIFO will cause 
a Receive interrupt. 


Reset Tx Interrupt Pending (10%). This command ie 
used in cases where there are no more cheracters 
to be sent; e.g., at the end of eo message. This 
command prevents further tranamit § interrrupts 
until after the next character has been loaded 
into the transmit buffer or until CRC hes been 
completely sent. This command is necessary to 
prevent the transmitter from requesting en inter- 
rupt when the transmit buffer becomes empty (with 
Transmit Interrupt Enabled). 


Error Reset (110). This command resets the error 
bits in RR1. If Interrupt on First Rx Character 
or Interrupt on Special Condition modes are 
selected and a epecial condition exists, the data 
with the special condition is held in the receive 
FIFO until this commend is issued. If either of 
these modes ies selected and this command is issued 
before the data has been read from the receive 
FIFO, the data is lost. 


Reset Highest IUS (111). This command resete the 
highest priority Interrupt Under Service (IS) 
bit, allowing lower priority conditions to request 
interrupts. This command allows the use of the 
internal dalsy chain (even in systems without en 
external daisy chain} and should be the last oper- 
ation in an interrupt service routine. 


Bite 2 through O: REGISTER SELECTION CODE 


These three bits select Registers 0 through 7. 
With the Point High command, Reqisters & through 


15 are selected. The Register Selection Code bits 
are used only in the 28530 version. In the 28030 
version, these bits are always 0. 


The Following is a summary of the bit descriptions 
for each write register (WR1-WR15) used in both 
the 28530 and the 28030 Z-SCC. 


4.1.2 Write Register 1 (Transmit /Receive Inter- 
rupt and Deta Tranafer Mode Definition) 


Write Register 1 is the control register for the | 


various 2-SCC interrupt and Wait/Request modes. 
Figure 4-3 shows the bit assignments for WR1. 


Bit 7: WATT/DMA REQUEST ENABLE 


Thie bit enables the Wait/Request function in 
conjunction with the Request/Wait Function Select 
bit (B6). If bit 7 is set to 1, the etate of bit 
6 determines the activity of the WAIT/REQUEST pin 
(Wait or Request). If bit 7 is set to 6, the 
selected function (bit 6) forces the WAIT/REQUEST 
pin in to the appropriate inactive state (High for 
Request, Floating for Wait). 


L EXT INT ENABLE 
TuINT ENABLE 
PARITY (S SPECIAL CONDITION 


[0] 0] mciny osance 

[0 | 1 | ax INT ON FIRST CHARACTER OR BPECIAL CONDITION 
[1 Jo | INT ON ALL Ae CHARACTERS OR SPECIAL CONDITION 
[1 [1 | Rx iNT OW SPECIAL CONOITION ONLY 


WATT/OMA REQUEST ON RECEVE/TAANSRTT 
WAITOMA REQUEST FUNCTION 
WAIT(DMA REQUEST ENABLE 


Figure 4-3. Write Register 1 


Bit 6: WAIT/DMA REQUEST FUNCTION 


The request function is selected by setting this 
bit to 1. In the Request mode, the WAIT/REQUEST 
pin switches from High to Low when the SCC is 
veady to transfer dala. When this bit is 0, the 
wait function is selected. In the Wait mode, the 
WATT/REQUEST pin switches from floating to Law 
when the CPU attempts to transfer data before the 
SCC in ready. 


Bit 5: WALT/DMA REQUEST ON RECEIVE TRANSMIT 


This bit determines whether the WAIT/REQUEST pin 
operates in the Transmit mode or the Receive 
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mode. When set to 1, this bit allows the weit/ 
request function to follow the state of the 
receive buffer; i.e., depending on the state of 
bit 6, the WAIT/REQUEST pin is active or inactive 
in relation to the empty or full atete of the 
Teceive buffer. Conversely, if this bit is set to 
0, the state of the WAIT/REQUEST pin is determined 
by bit 6 and the state of the transmit buffer. 
{Note that a transmit request function is avail- 
able on the DTR/REQUEST pin. This allows full- 
duplex operation under DMA control for both chan- 
nels). 


The request function may occur only when the Z-SCC 
is not selected; e.g., if the internal request 
becomea active while the Z-SCC is in the middle of 
a read or write cycle, the external request will 
not become ective until the cycle is complete. An 
active request output causes a DMA controller to 
initiate a read or write operation. If the 
Tequest on Transmit mode is selected in either 
SDLC or Synchronous Mode, the Request pin is 
pulsed Low for one PCLK cycle at the end of CRC 
transmission to allow the immediate tranemiasion 
of another block of data. 


In the Wait On Receive mode, the WAIT pin ie 
active if the CPU attempts to read Z-SCC data that 
has not yet been received. In the Wait On 
Tranamit mode, the WAIT pin is active if the CPU 
attempts to write data when the tranamit buffer is 
still full. Both situetiona can occur Frequently 
when block transfer instructions are used. 


Bits 4 and 5: Receive Interrupt Modes 


These two bits specify the various cheracter- 
available conditions that may cause interrupt 
requests. 


Receive Interrupts Disabled (00). This mode 
prevents Lhe receiver from requesting an interrupt 
and is normally used in a polled environment. where 
esther the status bits in RRO or the modified 
veclor im RR2 (Channel B) can be monitored to 
initiate a service routine. Although the receiver 
interrupts are disabled, a special condition can 
still provide @ unique vector status in RR2. 


Receive Interrupt on First Character or Special 
Condition (01). The receiver requests an inter- 
rupt in this mode on the first available character 
(or stored FIFO character) or on a special condi- 
tion. Sync characters to be atripped from the 
message stream do not cause interrupts, 


Special receive conditions are: receiver overrun, 
framing error, end of frame, oc parity error (if 
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selected). If a special receive condition accurs, 
the data containing the error is stored in the 
receive FIFO until an Error Reset command ie 
isaued by the CPU. 


This mode is ususally selected when e# Block 
Trensfer mode ia used. in this interrupt made, a 
pending special receive condition remaine set 
until either an Error Reset command, a channel or 
hardware reset, or until receive intecrupta are 
disabled, 


The Receive Interrupt on Firet Cheracter or 
Special Condition mode can be re-enabled by the 
Enable Rx Interrupt on Next Character command in 
WRO. 


Interrupt an Ali Receive Characters or Special 
Condition (70). This mode allows an interrupt for 
every character received (or character in the 
receive FIFQ) and provides a unique vector when a 
special condition existe. The Receiver Overrun 
bit and the Parity Error bit in RR1 are two 
special conditiona that are latched. These two 
bite must be reset by the Error Reset command. 
Receiver overrun is always « special receive 
condition, snd parity can be programmed to te a 
epecial condition. 


Data conditions with epecial receive conditions 
are not held in the receive FIFO in the Interrupt 
On AIL Receive Characters or Special Conditions 
Mode. 


Receive Interrupt on Special Condition (11). This 
mode allows the receiver to interrupt only on 
characters with @ special receive condition. When 
an interrupt occurs, the data containing the error 
is held in the receive FIFO until an Error Resat 
command is issued. When uelng this mode in con- 
junction with a OMA, the DMA can bea initialized 
and ensbled before any characters have been 
received by the Z-SCC. Thies eliminates the time- 
critical section of code required in the Receive 
Interrupt on First Character or Special condition 
mode; i.e., all data can be transferred via the 
OMA so that the CPU need not handle the firet 
received character aa a special case. 


Bit 2:. Parity Is Special Condition 


If thie bit is set to 1, any received charactere 
with parity not matching .the sense programmed in 
WRO give rise to o Special Receive Condition. If 
parity is disebled (WR4), thio bit ie ignored. A 
special condition modifies the status of the 
interrupt vector stored in WR2. During an inter- 
rupt acknowledge cycle, this vector can be placed 
on the date bus. 


Bit 13 Trenseitter Interrupt Eneble 


If thie bit le set to 1, the tranemitter requests 
en Interrupt whenever the tranamit buffer becomes 
empty, 


Bit O: External/Stetus Mester Interrupt Enable 


This bit is the master enable for External/Status 
interrupts including DCD, CTS, Sync pina, oreak, 
abort, the beginning of CRC transmission when the 
Transmit/Underrun/EOM latch is set, or when the 
counter in the baud rate generator reaches 0. 
Write Register 15 containa the individual enable 
bite for each of these sources of External/Status 
interrupte. This bit is reset by = channel or 
hardware reset. 


4.1.3 Write Register 2 (interrupt vector) 


WR2 is the interrupt vector register. Only one 
register vector existe in the Z-SCC, but it can be 
accessed through elther chennel. The interrupt 
vector can be modified by status information. 
This is controlled by the Vector Includes Status 
(VIS) and the Status High/Status Low bite in reg- 
ister W/R 9, The bit positiona for WR2 are shawn 
in Figure 4-4, 


{o-Je[osfo.[5.[e[o. [5] 


[Es 


‘a 
INTERRUPT VECTOR 


Figure #4, Write Register 2 


4.1.4 Write Register 3 (Receive Parameters end 
Contro}) 


Thia register contsina the control bite and para- 
metere for the receiver logic illustrated in 
Figure 4-5, 


| L Rs CWABLE 
‘SYNC CHARACTER LOAD INHIBIT 
ADORERS BEARCH MODE (BOLT) 


Ax CHC EMADLE 
ENTER HUNT MODE 
AUTO ENAGLER 


fe] ¢ } ace mirechanacten 
1 [+ | ax? orrecwanacten 
Pt le | ans otmcnanacten 
[1 | } xe wiTecHaRACTER 


Figure 4&5. Write Register 3 
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Bits 7 end 6: feceiver Bite/Cherecter 


The state of these two bits determines the number 
of bits to be assembled os a character in the 
seceived serial data stream. The mumber of bits 
per character can be changed while « character ia 
being assembled but only before the number of bits 
currently programmed is reached. Unused bits in 
the Received Data Register (RRB) are set to 1 in 
asynchronous modes. In synchronous modes and SOLC 
modes, the 2-SCC merely transfers an @-bit section 
of the serial data stream to the receive of the 
serial deta stream to the receive FIFO at the 
appropriate time, Teble 4-1 liste the number of 
bite per cheracter in the assembled character 
format. 
Table 4-1, Receive Bits/Character 


id i | 
0 0 5 Bits/Character 
6 1 7 Bits/Character 
1 Qo 6 Bite/Character 
4 1 8 Bits/Character 


Bit 5: Auto Ensbles 


This bit programa the function For both the OCD 
and CTS pins. CTS becomes the transmitter enable 
and DCD becomes the receiver enable when this bit 
is set to 1. However, the Receiver Enable and 
Transmit Enable bita must be eet before the OCD 
and CTS pins can be used in this manner, When the 
Auto Enables bit ia set to 0, the OCD and CTS pins 
are merely inputs to the corresponding status bits 
in Read Register 0. The state of OCD is ignored 
in the Local Loopback mode. The atste of CTS is 
ignored in both Auto Echo and Local Loopback 
modes. 


Bit &: Enter Hunt Mode 


This command forces the comparison of sync char- 
acters or flags to assembled receive cheractera 
for the purpose of synchronization. After reset, 
the Z-SCC automatically entera the Hunt mode 
(except asynchronous). Whenever a flag or sync 
character is matched, the Syne Hunt bit in Read 
Register 0 is reset and, if External/Status Inter- 
rupt Enable is set, an interrupt sequence is ini- 
tiated. The Z-SCC automatically enters the Hunt 
mode when an abort condition is received or when 
the receiver is disabled. 


Bit 3: Receiver CRC Enable 


This bit is used to initiate CRC calculation at 
the beginning of the last byte transferred from 


the Receiver Shift register to the receive FIFO. 
Thies operation occura independently of the number 
of bytes in the receive FIFO, When a particular 
byte is to be excluded from CRC calculation, this 
bit should be reset before the next byte is trans-~ 
ferred to the receive FIFO. 


This bit is internally aet to 1 in SOLC mode and 
the SCC calculates CRC on all bite except between 
the opening and closing character flags. This bit 
is ignored in asynchronous modes. If thia feature 
is used, cere must be taken to ensure that eight 
bite per character is selected in the receiver 
because of an inherent delay from the Receive 
Shift register to the CRC checker. 


Bit 2: Address Search Mode (SDLC) 
Setting this bit in SLDC mode causes messages with 


addresses not matching the address programmed in 
WR6 to be rejected. No receiver interrupts can 


_ occur in this mode wiless there is an address 


match. The address thet the Z-SCC attempts to 
match can be unique (1 in 256) or multiple (16 in 
256), depending on the state of Syne Character 
Load Inhibit bit. The Address Search mode bit ia 
ignored In all modes excpet SOLC. 


Bit 1: Sync Character Load Inhibit 


If this bit is set to 1 in any synchronous mode 
except SDLC, the 2-SCC compares the byte in WR6 
with the byte about to be stored in the FIFO, and 
it inhibits this load if the bytes are equal. the 
Z-SCC does not calculate the CRC on bytes stripped 
from the data stream in thia manner. If the 6-bit 
sync option is selected while in Monosync mode, 
the compare is still acroas eight-bits, 30 WR6 
must be programmed for proper operat ion. 


If the 6-bit syne option is selected with thia bit 
set to 1, all sync characters except the one 
immediately preceding the data are stripped from 
the message. If the 6-bit sync option is selected 
while in the Bisync mode, this bit is ignored. 


The addresa recognition logic of the receiver is 
modified in SDLC mode if thie bit is set to 1; 
j.e., only the four most significant bits of WR6 
must match the receiver address. This procedure 
allows the Z-SCC to receive frames from up to 16 
separate sourcea without programming WR6 for each 
source (if each station address has the four most 
significant bits in common). The address field in 
the frame is slill eight bits long. 


This bit is ignored in SOLC mode if Address Search 
mode has not been selected. 
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Bit O: Receiver Enable 


When thie bit ia set to 1, receiver operat ion 
begins. This bit should be set only after all 
other receiver parameters are established and the 
receiver is completely initialized. This bit is 
reret by a channel or hardware reset command, and 
it disables the receiver. 


4.1.5 Write Register 4 (Tranemit /Receiver 
Hiscellancow Parameters and Modes) 


WR4 contains the control bits for both the 
receiver and the transmitter. These bite should 
be set in the transmit and receiver initialization 
coutine before issuing the contents of WR1, WRS, 
WR6, and WR7. Bit positions for WR4 are show in 
Figure 4-6. 


(>. [®.[o. fo. To. T2. [>] ] 
| L panne ename 
PARITY EVENIODD. 
[oJ o | sync moves swage 
Jo [s ] 1 stop minchanacten 


| + fo | 1% STOP eitecHaRacten 
[3 [+ ] 2 stop mitecHanacten 


[oo] ear sywc cHanacten 

Jo | + | tent sync CHARACTER 
[2] + | sore moe corsissso FLAG) 
[+ [+ | extrema: sync move 


(oo | x1 cock mope 
fo] y | x1 cLock moe 
| t[@ ] x92 clock woe 
[eT] vee crock move 


Figure 4-6. Write Register 4 


Bite 7 ond 6: Clock Rate 1 and 0 


These bits specify the multiplier between the 
clock and data rates. In synchronous modes, the 
1X mode ja forced internally and these bits are 
ignored unless External Sync mode has been 
selected. : 


1X Mode (00). The clock rate and data rete are 
the same. In External Sync mode, this bit combin- 
ation specifies that onty the SYNC pin can be used 
to achieve character synchronization. 


6X Mode (01). The clock rate in 16 times the 
data rate. In Extarnal Sync mode,, this bit com- 
bination specifiea that only the SYNC pin can be 
used to achieve character synchronization, 


32X Mode (10). The clock rate is 32 times the 
dala rate. In External Syne mode, this bit com- 
bination specifiea that either the SYNC pin or a 
match with the character stored in WR? will siqnal 


character synchronization, The syne character can 
be either six or eight bits long aa specified by 
the 6-bit/8-bit Syne bit in WR10. 


64X Mode (11). The clock rate is 64 times the 
date rate. With this bit combination in External 
Sync mode, both the receiver and tranamitter are 
placed in SDLC mode. The only variation from 
normal SOLC oeration is that the SYNC pin can be 
used to start or etop the reception of a frame by 
forcing the receiver to ect as though a flag had 
been received. 


Bits 5 and 4: Sync Modes 1 and O 


These two bits select the various optiona for 
character synchronization, They are ignored 
unless synchronization modea are selected in the 
stop bits field of this register. 


Monosyne (00). In this mode, the . receiver 
achieves character synchronization by matching the 
character stored in WR7 with an identical 
character in the received data stream. The trans- 
mitter uses the character atored in R6 as a time 
Fill. The syne character can be either six or 
eight bits, depending on the state of the 6-bit/ 
8-bit Sync bit in WRI0. If the Sync Character 
Load Inhibit bit is set, the receiver strips the 
contents of WR6 from the data stream if received 
within character boundaries. 


Bisync (01). The concatenation of WR7 with WR6 
is used for receiver synchronization and as a time 
fill by the transmitter. The syne character can 
be 12 or 16 bits in the receiver, depending on the 
state of the 6-bit/8-bit Syne bit in WR10. The 
transmitted character is always 16 bits. 


SOLC Mode (10). In this made, SOLC is selected 
and requires a Flag (01111110) to be written to 
WR], The receiver address field should be written 
to WR6. The SDLC CRC polynomial must also be 
selected (WR5) in SDLC mode. 


External Sync Mode (11). In this mode, the SCC 
expects external logic to signal character syn- 
chronization via the SYNC pin. If the crystal 
oscillator option is selected (in WR11), the 
internal SYNC signal is forced to 0. In this 
mode, bits B7-B6 of this registec select special 
versions of External Sync mode, In this mode, the 
transmitter is in Monosyne mode using the contents 
of WR6 as the time fill with the sync character 
Jength specified by the 6-bit/B-bit Sync bit in 
WRIn. 
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Bite 3 end 2: Stop Bite 1 ad 0 


Thess bits determine the number of stop bits added 
to each asynchronoua character that is tranomit- 
ted. The receiver slways checks for ons atop bit 
in Asynchronous mode. A Special mode specifies 
that a Synchronous mode is to be selected. 82 id 
always eet to 1 by a channel or hardware reset to 
eneure that the SYNC pin ts in a known state after 
a reset. 


Synchronous Modes Enable (00). Thie bit combina- 
tion eelects one of the synchronous modes 
specified by bits 84, B5, B6, end 87 of this 
register and forces the 1X Clock mode internally. 


1 Stop Bit/Cheracter (01). Thie bit selects 
Asynchronous mode with one stop bit per character. 


1 1/2 Stop Bite/Cheractor (10). These bits select 
Asynchronous mode with 1 1/2 atop bite per 
character. This mode can not be used with the 1X 
clock mode. 


2 Stop, Bits/Cherecter (11). Theas bite select 
Aaynchronous mode with two stop bits per tranemit- 
ted character and check for one received stop bit. 


Bit 1s Parity Even/Odd 


This bit determines whether parity {fe checked aa 
even or odd. A 1 programmed here eelects even 
parity, and a O selects odd perity. This bit ia 
ignored if the Parity bit ie not set. 


Bit O: Perity Enable 


When thie bit is set, an additional bit position 
beyond those specified in the bite/character 
control is added to the tranamitted date and Is 
expected in the receive data. The Recelved Parity 
bit is transferred to the CPU as part of the date 
unless eight bits per character ie selected in the 
receiver. 


4.1.6 Write Register 5 (Transmit Parameter and 
Controls)" 


WRS contains control bits that affect the opera- 
tion of the transmitter. B2 affects both the 
transmitter and the receiver. Bit positions for 
WR5 are shown in Figure 4-7. 


Bit 7: Date Terminal Ready 


This ie the contrat bit for the DTR/REQ pin while 
the pin is in the DIR mode (selected in WRI4). 
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When set, DTK is Low; when reset, BTR is High. 
Thie bit ts ignored when OTR/REQ is programmed to 
act as a REQUEST pin. Thie bit is reset by a 
channel or hardware reeset. 


Bits 6 and 5: Ix Bits/Cherecter 1 wd 0 


Thees bits control the number of bite in each byte 
tranaferred to the transmit buffer. Bite sent 
must be right justified with least significant 
bite first. 


Ta CRC ENABLE 
ats 
Welmcac-10 

Ta ENABLE. 
SEND SHEAR 


[o[e] tas errs con cesevchanacren 
[279 | 27 errsicwanacten 
[1] | tae rwchanacten 
[1 fs | tre eiracnanacten 
DTA 


Figure 4-7. Write Register 5 


The Five Or Less mode allows transmission of one 
to five bits per character; however, the CPU 
should format the data character aa shown below in 
Table 4.2. In the Six or Seven Bits/Character 
modes, unused data bits are ignored. 


Table 4-2, Tx Bite/Charecter 1 and 0 


Tx B1IS/ Ix BITS/ 


CHAR 1 CHAR O 
ta] Q 5 or lesa bits/character 
a 1 7 bits/character 
1 0 6 bits/character 
1 1 B bits/character 


141 100 0 0 Sends one data bit 
1171000090 Sends two data bits 
174100 0D0 0 Sends three data bits 
100 00 0 0 0 Sends four data bits 
0000 00 0D 0 Sends five dats bits 


Bit 4: Send Break 


When set, thia bit forces the [xD output to send 
continuous Os beginning with the following 
transmit clock, regardless of any data being 
transmitted at the time. This bit functions 
whether or not the transmitter is enabled. When 
reset, TxD continues to send the-contents of the 
Transmit Shift register, which might be syncs, 
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data, or all ts. If this bit is set while in the 
X21 mode (Monosyne and Loop mode selected) and 
character synchronization is achieved in the 
receiver, thie bit ia automatically reset and the 
transmitter begins sending synca or data. This 
bit can also be reset by a channel or hardware 
reset. 


Bit 3: Trenewit Ensble 


Data ie not tranamitted until this bit is set, and 
the TxD output sends continuous 1s unless Auto 
fcho mode or SOLC Loop mode is selected. If this 
bit ia reset ofter tranemission started, the 
trenemiasion of data or sync characters is com 
pleted. If the tranamitter is disabled during the 
tranemission of a CRC character, aync or fleg 
characters are sent instead of CRC. This bit is 
reset by a channel or hardware reset. 


Bit 2: SDLC/CRC-16 


This bit selects the CRC polynomial used by both 
the transmitter and receiver. When set, the 
CRC-16 polynomal is used; when reset, the SOLC 
Polynomial is uvaed. The SOLC/CRC polynomial must 
be selected when SOLC mode is selected. The CRC 
generator and checker can be preset to all Os all 
18, depending on the state of the Preset 1/Preset 
O bit in WRIO. 


Bit 1: Aequest to Send 


This ia the control bit for the RTS pin. When the 
RIS bit is set, the RTS pin goes Low; when reset, 
RTS goes High. In the Asynchronous mode with 


the Auto Enables bit set, RTS goes High only after 
all bite of the character have been set and the 
tranemit buffer is empty. In synchonous modes or 
the Asychronous mode with auto eneblee off, the 
pin directly follows the state of this bit. This 
bit ie reset by ® channel or hardware reset, 


Bit O: Trenemit CRC Enable 


Thie bit determines whether or not CRC is calcu- 
lated on a trenemit character. If this bit is set 
at the time the character is loaded from the 
transmit buffer to the Transmit Shift regiater, 
CRC is calculated on that character. CRC is not 
automatically sent unless this bit is set when the 
transmit underrun exists. 


4.1.7 Write Register 6 (Sync Characters or SOLC 
Addroes Field) 


WR6 is programmed to contain the transmit syne 
character in the Monosyne mode, the first byte of 
@ 16-bit sync character in the External Sync 
mode. WR6 is not used in asynchronous modes. In 
the SOLC modes, it is programmed to contain the 
secondary address field used to compare againat 
the address field of the SOLC Frame. In SOLC 
mode, the SCC does mot automatically tranamit the 
station address at the beginning of a response 
frame. Bit positions for WR6 ere shown in Figure 
4-8. 


4.1.8 Write Register 7 (SYNC Cheracter or SDLC 
Fileg) 


WR7 is programmed to contain the receive sync 
character in the Monosyne mode, a second byte (the 


reat 


SYNCe) —SYHCy «SYNC, SYNC) 
aYNC, SYNC. SYNC, SYNC, =—-BYNCy 
SYNGKs  SYNCre SYNC SYNCin SYNC 
SYHCH: «SYNC» = SYNCe = SYNCe SYNC 


O) ’ ’ ' 1 


SYNC, Symes aYNCe MONOSYNC, 9 OTS 
AVNCe MONOSYNC, © ents 
syn aynce ariicy  sisyne, 


ari 
SYNCy = SYNC = BISYNG, 12 ans 
1 1 o SDLC 


Figure 4-8. Write Register 6 


See ae 


SYNCy SYNCS =—-BYNE 
SYNC: sync QYNCy == SYNC, syncs 
SYNCy = SYNCa— BYNCa = SYNCa SYNC) 
SYNC, = SYNCy = BYNCy GYNC, 


1 

AOR, AOR, AOA, AOR, ADA) 

ADA, AOMy AOR, ADAG . 
Figure 4-9. 


SYNC; AYN «= SYNCg, MONOBYNC, © BITS 

BYNCy «= -BYNCr = BYNCa, MONOSYNC, wr 

BYNCy = SYNC «= BYNCy | BISYNEC. 18 
1 ’ 


' busy. a ms 
ADAL ADR 
. * goLe (ADORERS RANGE) 


Write Register 7 
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last eight bits) of a 16-bit aync character in the 
Bisyne mode, or a Flag character (01111110) in the 
SDLC modes. WR7 may hold the receive sync chacac- 
ter or a flag if one of the special versions of 
the External Sync mode is eelected. WR? is not 
used in Asynchronous mode. 8it positions for WR7 
are shown in Figure 4-9. 


4.1.9 Write Regiater 8 (transmit buffer) 


WRE is the tranemit buffer reglater. 


4.1.10 Write Register 9 (Mester Interrupt 
Control) 


WRI is the Master Interrupt Control register and 
containa the Reset command bits. Only one WR? 
exists in the SCC and can be accessed from sither 
channel. The interrupt control bits can te pro- 
grammed at the same time ee the Reset command 
because these bits are only reset by = hardware 
ceset. Bit positiona for WRI sre show in Figure 
4-10. 


[eo] 9] woneser 

[a | 1 | CHANNEL RESET B 

[1 Fo | CHANNEL NESEY A 

[+ | +] Force Mampwant neser 


Figure 4-10. Write Register 9 


Bit 7-6: Reset Commend Bite 


Together, these bits select one of the reset com- 
mands for the SCC. Setting either of these bits 
to 1 disables both the receiver and the tranamit~ 
ter in the corresponding channel, forces TxD for 
that channel marking, forces the modem control 
signals High in that channel, resets all IPs and 
1USs snd disablea all interrupts in that channel. 
Four extra PCLK cycles must be allowed beyond the 
usual cycle time after any of the active reset 
commands is issued before eny additional commands 
or controls are written to the channel affected. 
In the 78530, four extra PCLK cycles must be 
allowed beyond the usual cycle time before any 
additional command or controls are written to the 
scc. 


No Reset (00). This command has no effect. It ie 
used when a write to WRI is necessary for some 
teason other than an SCC Reset command. 


Channel Reset 8 (01). Issuing this command causes 
a channel reget to be performed on Channel 8. 


“Channel Reset A (10). Issuing this command causes 


a channel reset to be performed on Channel A. 


Force Hardware Renet (11). The effecta of this 
command are identical to those of a hardware 
ceset, except that the Shift Right/Shift Left bit 
is not changed and the MIE, Status High/Statue Low 
and DLC bite take the programmed values that 
accompsny this command. 


Bit 5 Not Ueed 
Bit 4: Statue High/Stetue Low 


Thie bit controls which vector bite the Z-SCC will 
modify to indicate statue. When est to 1, the 
71-SCC modifies bits V6, V5, and V4 according to 
the table. When est to G, the Z~SCC modifies bits 
Vi, V2, and V3 according to the table above. This 
bit controls etetus in both the vector returned 
ducing an interrupt acknowledge cycle and the 
stetua in RA2B. This bit is reset by a hardware 
ceset. 


Bit 3: Master Interrupt Eneble 


The Master Interrupt Enable bit is used to 
globally inhibit Z-SCC interrupts. Setting this 
bit to O has the same effect on the internal 
interrupt logic as does 9 low on the IEI pin, 
except that 1E0 ia not forced Low. When this bit 
is set to 0, IEO ie not forced Low. When this bit 
is set to 0, JEO follows the state of IEI unless 
there is an IUS set in the Z-SCC. No IUS can be 
set after the MIE bit is set ta 0. This bit is 
cteset by o hardwace reset. 


Bit 2: Dissble Lower Chain 


The Diseble Lower Chain bit can be used by the CPU 
to control the interrupt daisy chain. Setting 
this bit to 1 forces the IEQO pin Low, preventing 
lower-priority devices on the daisy chain from 
requesting interrupts. This bit is reset by a 
herdware reeet. 


Bit 12: No Vector 


The No Vector bit contcols whether or not the 
Z-SCC will respond to an interrupt acknowledge 
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cycle by placing a vector on the data bus if the 
Z-SCC is the highest-priority device requesting an 
interrupt. [If this bit is set, no vector is 
returned; t.e., ADg-AD7 remain 3-stated during an 
interrupt acknowledge cycle, even af the Z-SCC is 
the highest-priority device requesting an inter- 
rupt. 


Bit O: Vector Includes Statua 


The Vector Inctudes statua bit controls whether or 
not the Z-SEC will inctude status information in 
the vector it places on the bus in response to an 
intercupt acknowledge cycle. If this bit is sel, 
the veclor returned 1s variable, with the variable 
Freld depending on the highest-priority IP that is 
set. Table 4-3 showa the encoding of the status 
information. This bit is ignored if the No Vector 
(NV) bit 1s set. 


Table 4-3. Status Vector Mode feble 


V3 V2 Vy Status High/Status Low = 0 


Vg Ys V6 Status High/Status Low = 1 ; 
ti) a Q Ch B transmit buffer Empty 

0 0 1 Ch A External/Status Change 

0 1 1 (Ch B Receive Character Available 
0 1 1 Ch B Special Receive Condit ion 

1 Q 0 Ch A transmit buffer Empty 

1 Q t Ch A External/St satus Change 

1 1 QO Ch A Receive Character Available 
1 1 1 Ch A Special Receive Condition 


4.1.11 Write Register 10 (Misceliensous 
Trenemitter/Receiver Control Bita) 


WRI0 contains miscellaneous control bits for both 
the receiver and the transmitter. Bit positions 
for WR10 are shown in Figure 4-11. 


L 6 iT6 BT sync 
Loor Mone 
ABORTFLAG ON UNDERRUN 


MARKIFLAG (OLE 
—————- 00 ACTIVE ON POLK 


NAZ 


foto] 

Ot 

Pr To) ewecnansinon = 0 
ccs 


F MO (TRANSITION ~ 0) 


—~ CRC PRESETUD - 
Figure 4-11. Write Register 10 
Bit 7: ORC Preset 1/0 


This bit specifies the initialized condition of 
the receive CRC checker and the transmit TRC 


geherator. If this bit is set to 1, the CRC 
genecator and checker are preset to 1. If this 
bit is set to 0, the CRC generator and checker are 
preset to 0. Either option can be selected with 
either CRC polynomial. In SDLC mode, the trans- 
mitted CRC is inverted before transmission and the 
received CRC is checked against the bit pattern 
0001110100001111. This bit is reset by 8 channel 
or hardware reset. This bit is ignored in 
Asynchronous mode. 


Bits 6 and 5: Dats Encoding 1 and 2 


These bits control Lhe coding method used for both 
the transmitter and the receiver, as illustrated 
in Table 4-4. ALL of the clocking options are 
avaitable for at! coding methods. The DPLL in the 
Z-SCC is useful for recovering clocking 
information in NRZI and FM modes. Any coding 
method can be used in any Ix mode. A hardware 
reset forces NRZ mode. Timing for the various 
modes is shown in Fiqure 4-12. 


Table 4-4, Dats Encoding 


Data Osta Encoding Encoding 
0 Q NRZ 
oO 1 NR21 
1 o FM1 (transition = 1) 
1 1 FMO (transition = t) 


Bit 4: Go Active On Poll 


When Loop mode is first selected during SDLC 
operation, the Z-SCC connects RxD ta TxD with only 
gate delays in the path. The Z-SCC does not go 
on-loop and insert the 1-bit delay between RxD and 
TxD until this bit has been eet and an £0P 
received. When the Z-SCC is on-loop, the trana- 
mitter cannot go active unless this bit is set at 
the time an EOP is received. The Z-SCC examines 
thie bit whenever the tranemitter ie sctive in 
SDLC Loop mode and is sending @ Flag. If this bit 
is set at the time the fleg in leaving the 
Transmit Shift register, snother flag or data byte 
(if the transmit buffer is full) ies transmitted. 
If the Go Active on Poll bit is not set at this 
time, the transmitter finishes sending the flag 
and reverts to the 1-Bit Delay mode. Thus, to 
transmit only one response frame, this bit should 
be reset after the first data byte is sent to the 
Z-SCC but before CRC has been transmitted. If the 
bit is not reset before CRC ia transmitted, extra 
flags are sent, slowing down response time on the 
loop. If this bit is reset before the first data 
is written, the Z-SCC completes the transmission 
of the present flag and reverts to the 1-Bit Delay 
mode. After gaining control of the loap, the 
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Z-SCC is not able to transmit again until a flag 
and another EOP have been ceceived. Though not 
strictly necessary, it is good practice to set 
thie bit only upon receipt of s poll frame to 
ensure that the Z-SCC does not go on loop without 
the CPU noticing it. 


In synchronous modes other than SOLC with the Loop 
Mode bit eet, this bit must be set before the 
tranemitter can go active in response to a 
received sync character. ‘ 


This bit is always ignored in Asynchronous mode 
and synchronous modes unless the Loop Mode bit is 
set. This bit is reset by 8 channel oc hardware 
reset. 


Bit 3: Mark/Flag Idle 


Thia bit affects only SOLC operation and is used 
to control the idle line condition. if this bit 
is set to 0, the transmitter sends flegs a an 
idle line. If this bit is set te 1, the trans- 
mitter sends continuous fa after the closing flag 
of a frame. The idle line condition is selected 
byte by byte; i.e., either a flag or eight 1s are 
tranamitted. The primary station in an SDLC loop 
should be programmed for Mark Idle to create the 
EOP sequence. Mack Idle must be deselected at the 
beginning of a frame before the first date is 
written to the Z-SCC, so that an opaning flag can 
be tranmitted. This bit is ignored in Loop mode, 
but the programmed value takes effect upon exiting 
the Loop mode. This bit is reset by s channel or 
hardware reset. 


Bit 2: Abort/Flag On Undercun 


Thia bit affecte only SOLC operation and is used 
to control how the Z-SCC responds to a transmit 
underrun condition, If this bit is set to 1 and 6 
tranemit underrun occurs, the Z-SCC sends an abort 
and a flaq instead of CRC. If thia bit is reset, 
the Z-SCC senda CRC on a tranemit underrun. At 
the beginning of this 16-bit transmission, the 
Teansmit Undercun/EOM bit is set, causing an 
External/Status interrupt, The CPU usea this 
status, along with the .byte count from memory or 
the DMA, to determine whether the frame must be 
retransmitted. A transmit buffer Empty interrupt 
occurs at the end of thia 16-bit transmission to 
start the next frame. If both this bit and the 
Mark/Flag Idle bit are eet to 1, sll 18 are trana- 
mitted after the transmit underrun. This bit 
should be set after the first byte of data is sent 
to the Z-SCC and reaet immediately after the last 
byte of data eo that the frame will be terminated 


properly with CRC and a flag. This bit ia ignored 
in Loop mode, but the programmed value is active 
upon exiting Loop mode. This bit is reset by 8 
channel or hardware reset. 


Bit 1: toop Mode 


In SDLC mode, the initial set condition of this 
bit forces the Z-SCC to connect TxD to RxD and to 
begin searching the incoming data atream so that 
it can go on loop. Ali bite pertinent to SDLC 
mode operation in other registers must be set 
before this mode is selected. The transmitter and 
receiver should not be enabled until after this 
made has been selected. As soon as the Go Active 
On Poll bit is set and an EOP is received, the 
Z-SCC goes on loop. If this bit is reset after 
the Z-SCC is on loop, the Z-SCC waits for the next 
EGP to go off loop. 


In synchronous modes, the Z-SCC uses this bit, 
along with the Go Active On Poll bit, te synchro- 
nize the transmitter to the receiver. The 
receiver should not be enabled until after this 
made is selected. The TxD pin is held marking 
when this mode is selected unless 8 break condi- 
tion is programmed, The ceceiver waite for a aync 
character to be received and then enables the 
transmitter on 8 cheracter boundary. The break 
condition, if programmed, is removed. This mode 
works properly with sync charecters of aix, eight, 
or 16 bits. This bit is {ignored in Asynchonous 
mode and is reset by a channel or hardware reset. 


Bit O: 6 Bit/@ Bit Sync 


This bit is used to select a special case of 
synchronous modes. If this bit is set to 1 in 
Monasyne mode, the receiver and transmitter sync 
characters are six bits long instead of the uaual 
eight. If thie bit ia set to 1 in Bisync mode, 
the received sync will be twelve bits and the 
transmitter sync character will remain 16 bits 
long. This bit is ignored in SDLC and Asynchro- 
nous modes but still has effect in the special 
external sync modes. This bit is reset by a 
channel or hardwere reset. 


4.1.12 Write Register 11 (Clock Mode Control) 


WRIT is the Clock Mode Control register. The bite 
in this tegister control the sources of both the 
reeive and transmit clcoks, the type of signal on 
the SYNC and RTxC pins, and lhe direction of the 
TRxC pin. Bit positions for WRI} are shown in 
Figure 4-13. 


a ane 
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Bit 7: RTxC XTAL/NO XTAL 


This bit controls the type of input signal the 
Z-SCC expects to see on the RixC pin. If thie bit 
is set to 0, the 2-SCC expects #8 T1L-compat ible 
signal as an input to this pin. If this bit is 
set to 1, the Z-SCC connects a high-gain amplifier 
between the RTxC and SYNC pine in expectation of a 
quactz crystal being placed ecross the pins. 


The output of this oscilletor is availeble for use 
ap a cclocking source. In this mode of operation, 
the SYNC pin is unevaileble for other use. The 
SYNC signal is forced to O internally. A hardware 
reset forces ND XTAL. (At least 20ms should be 
allowed after this bit is set to allow the oscil- 
lator to stebilize.) 


Bit 6-5: Receive Clock 1 and 0 


These bits determine the source of the receive 
clock us shown in Table 4-5. They do not inter- 
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fere with any of the modea of operation in the 
Z-SCC but simply control a multiplexer just before 
the internal ceceive clock input. A hardware 
ceset forces the ceceive clock to come from the 
RIxc pin. 


[o [oe } TAxt our = xtat output 
fo] 1} Yasc our « transmir clock 
[+ [0 | tat our © an GENERATOR OUTPUT 
[3 [4 } rast our © peut oureur 
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[o |e | mecerve crock = ATC PIN 

[| s | receive ciock = THC pin 

[+] a | ReceWE CLOCK @ OR GENERATOR OUTPUT 
RECEIVE CLOCK » DPLL OUTPUT 


WYaE KTAUND RYAL 


Figure 4-15. Write Register 11 


Figure 4-12. MRZ2(MAZI)/FMI(FMO) Timing 
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Table 4-5. Receive Clock Source 


Receive Receive 
Clock 1 Clock 0 
0 it} Receive Clock = RIxt pin 
0 1 Receive Clock = TRxt pin 
1 it) Receive Clock = BR output 
1 4 Receive Clock = DPLL output 


Bit 4-3: Transmit Clock 1 and 0 


These bits determine the source of the tranemit 
clock as shown in Teble 4-6. They do not inter- 
fere with any of the modee of operation of the 
Z-SCC but simply control a multiplexer just before 
the internal transmit clock input. The DPLL out- 
put thet may be used to feed the transmitter in FM 
modes lags by 90 the output of the DPLi used by 
the receiver. This makes the received and trana- 
mitted bit celle occur simultaneously, neglect ing 
delays. A hardware reset selecta the TAxC pin aa 
the source of the transmit clock. 


Table 4&6. Trenemit Clock Source 


Treneait Tranemit 
Clock 1 Clock 0 
0 0 Transmit Clock = RIxC pan 
QO 1 Transmit Clock = fRxt pin 
1 0 Transmit Clock = BR output 
1 1 Transmit Clock = OPLL output 


Bit 2: FRx O/1 


This bit determines the direction of the TRxC 
pin. If this bit is set to 1, the TRxC pin is an 
output and cerries the signal selected by D1 and 
DO of this register. However, if either the 
teceive or the tranemit clock is programmed to 
come From the TRxC pin, TRxC will be en input, 
regardless of the state of this bit. The TRxC pin 
is also an input if this bit is set to 0. A hard- 
ware reset forces this bit to 0. 


Bite t end 0: FaxC Output Source 1 and 0 


These bits determine the signal to be echoed out 
of the Z-SCC via the TRxC pin. No signal is 
produced if TRxC has been programmed as the source 
of either the receive or the transmit clock. If 
TRxC 0/1 (bit 2) is set, these bits are ignored. 


ff the XTAL oscillator output 18 programmed to be 
echoed, the the XIAL oscillator has not been 
enabled, the TRxt pin goes High. The DPL1 signal 
that is echoed is the DPLL signal used by the 
veceiver. Hardware reset selects the XTAL ascil- 
lator as the output source. 


Tabie 4-7. Transmit External Control Select ion 


tutput Oatput 
Signal Signal 


" 


TRxC = XTAL oscillator output 
IRxC = Transmit Clock 

TRxC = 8R output 

TRxC = OPLL output (receive) 


* 


-=c00 
- onc 


4.1.13 Write Register 12 (Lower Byte of Baud 
Rete Generator Time Conatant ) 


WR12 containe the lower byte of the time conatant 
for the beud rate generator. The time constant 
can be changed at any time, but the new value does 
not take effect until the next time the time con- 
stant is loaded into the down counter. No attempt 
is made to synchronize the loading of the time 
constant into WR12 and WR13 with the clock driving 
the down counter. For this reason, it is 
advisable to disable the baud rate generator while 
the new time constant is loaded into WR12 and 
WR13. Ordinarily, this is done anyway to prevent 
a load of the down counter between the writing of 
the upper and lower bytes of the time constant. 


The formula for determining the appropriate time 
constant for a given baud rate is shown below with 
the desired rate in bite per seconds and the BR 
clock period in seconds. This formula is derived 
because the counter decrements from N down to 
O-plue-one-cycle for reloading the time constant 
and is then fed to a toggle flip-flop to make the 
output a square wave. Bit positions for WR12 are 
shown in Figure 4-14. 


Fime constant = 
(1/2 * desired rate *BR clock period)] -2 


4.1.14 Write Register 13 (Upper Byte of Baud 
Rate Generator Tise Constant ) 


WR13 contains the upper byte of the time conatent 
for the baud rate generator. Bit positions for 
WR13 are shown in Figure 4-15. 
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4.1.15 Write Register 14 (Miscellaneous Control 
Bits) 


WR14 contains some miscellaneous contcol bits. 
Bit positions for WRI4 ace shown in Figure 4-16. 


Bite 7 and 5: Digitel Phase-Locked Loop Command 
Bits 


These three bits encode the eight commands for the 
Digital Phase-Lacked Loop. A channel or hardware 
reset disables the DPLL, resets the missing clock 
latches, sets the source to the RIxC pin and 
selects NRZ} mode. The Enter Search Mode command 
enables the DPLI. after a reset. 
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Figure 4-14. Write Register 12 
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Figure 4-15. Write Register 13 
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Figure 4-16. Write Register 14 


Null Command (000). This command has no effect on 
the DPLL. 


Enter Search Mode (001). Isauing this command 
causes the DPLL to enter the Search mode, where 
the OPLL searches for a locking edge in the 
incoming data stream. The action taken by the 
OPLt upon receipt of this command dependa on 
the operating mode of the DPLL. 


In NRZI mode, the output of the DPLL is High while 
the DPLL is waiting for an adge in the incoming 
data stream. After the Search mode is entered, 
the Firat edge the DPLL sees ia sssumed to be a 
valid data edge, and the DPLL begine the clock 
recovery operation from that point. The DPLL 
clock rate must be 32 times the data rate in NRZI 
moda. Upon leaving the Search mode, the First 
sampling edge of the DPLL occurs 16 of these 32x 
clocks after the First data edge and the secand 
sampling edge occura 48 of these 32X clocks after 
the first data edge. Beyond this point, the DPLL 
beqina nocmal operation, adjusting the output to 
temain in syne with the incoming data. 


In FM mode, the output. of the DPLL is Low while 
the DPLL is waiting for an edge in the incoming 
data stream. The first.edge the DPLL detecta is 
assumed to be a valid clock edge. for this to be 
the case, the line must contain only clock edges; 
i.e. with FMT encoding, the Line must be contin- 
uous Os. With FMO encoding the line must be con- 
tinuous 19, whereas Manchester encading requires 
alternating te and Os on the line. The DPLL clock 
cate must be 16 times the data rate in FM mode. 
The DPLL output causes the receiver to sample the 
data stream in the nominal center of the two 
halves of the bit cell to decide whether the data 
wes a tora 0. After thia command is issued, as 
in NRZI mode, the DPLL starts sampling immediately 
after the first edge is detected. (In FM mode, 
the DPLL examines the clock edge of every other 
bit cell to decide what correct ion must be made to 
remain in sync). If the DPLL does nol see an edge 
during the expected window, the one clock missing 
bit in RRI0 is set. If the DPLL does mot see an 
edge after two successive attempts, the two clocks 
missing bit im RR1O ia set and the DPLL automat i- 
cally enters the Search mode. This command resets 
both clock missing latches. 


Reset Clock Missing (010). Issuing this command 
resetea the clock missing latches in RRIO and acma 
the latches to detect the next missing clock edge 
on the line. The clock missing latches are only 
used in FM mode. : 


Disable DPLL (611). Issuing this command disables 
the DPLL, resets the clock missing latches in 
RR10, and Forces a continuous Search mode state. 
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Set Source = BR Gen (100). Issuing thia command 
forces the clock for the DPLL to come from the 


~ gutput of the baud rate generator. 


Set Source = Rix€ (101). Isauing this command 
forces the clock for the DPLL to come from the 
RTxC pin or the erystal oscillator, depending on 
the skate of the XTAL/no XTAL bit in WRI. This 
mode ia selected by a channel or hardware reset. 


Set FH Mode (110). This command forces the OPLL 
to operate in the FM mode and is used to recover 
the clock from FM or Manchester-encoded data 
(Manchester is decoded by placing the receiver in 
NRZ mode while the DPLL is in FM mode). 


Set NAZI mode (111). Fssuing this command forces 
the DPLL to operate in the NRZI mode. This mode 
is also selected by a hardware or channel reset. 


Bit 4: Local Loopbeck 


Setting thie bit to 1 selects the Local Loopback 
mode of operation. In this mode, the internal 
tranamitted data is routed back to the receiver, 
as well as to the IxD pin. The CTS and DED inputs 
are ignored sa enables in local Loopback mode, 
even if auto enablea is selected. (If so program- 
med, transitions on these inputs still cause 
interrupts.) This mode works with any Transmit/ 
Receive mods except Loop mode. For meaningful 
resulta, the frequency of the tranamit and receive 
clocks must be the same. This bit is reset by a 
channel oc hardware reset. 


fit 3: Auto Echo 


Setting this bit to 1 selects the Auto Echo mode 
of operation. In this mode, the TxD pin is con- 
nected to RxD, as in Local Loopback made, but the 
ceceiver still liatene to the RxD input. Trans- 
mitted data is never seen inside or outside the 
72-SCC in this mode, snd CTS is ignored as a trans- 


mit enable. This bit is reset by a channel or © 


hardware reset. 


Bit 2: DIR/Request Funct ion 


This bit selecta the function of the OTR/REQ pin. 
If this bit ia set to 0, the OTA/REG pin follows 
the state of the OTR bit in WRS. If this bit is 
set to’ 1, the DTR/REQ pin goes Low whenever the 
tcansmit buffer becomes empty and in any of the 
asynchronous mode when CRC has been sent at the end 
of a message. The request function on the BTR/RFO 
pin differs somewhat. from the tranamit request 
function available on the W/REQ pin in that 


REQUEST does not go inactive until the internal 
operation satisfying the cequent is complete, 
which occure four to five PCLK cycles ofter the 
tising edge of DS, READ or WRITE. IF the OMA used 
is edge-triggered, this difference is unimpor- 
tant. This bit is reset by a channel oc hardware 
reset. 


Bit 1: Baud Rate Generator Source 


This bit selects the source of the clock for the 
baud rate generator, If this bit ia set to 0, the 
baud rate generator clock comes from either the 
RIx€ pin or the XTAL oscillator (depending on the 
state of the XTAL/no XTAL bit). If thie bit is 
set ta 1, the clock foc the baud rate generetor is 
the Z-SCC's PCLK input. Hardware reset seta this 
bit to 0, selecting the RIxt pin aa the clock 
source for the baud rate generator. 


Bit G: Baud Rate Generator Enable 


This bit controls the operation of the baud rate 
generator. The counter in the baud rate generator 
in enabled for counting when this bit is set to 1, 
and counting is inhibited when this bit is set to 
Q. When this bit is set to 1, change in the state 
of thie bit ie not reflected by the output of the 
baud rate generator for two counts of the 
counter. This allows the command to be synchro- 
nized, However, when set ta 0, disabling ia 
immediate. This bit is reset by a hardware reset. 


4.1.16 Write Register 5 (Extecnal/Status 
Interrupt Cont rol) 


WR15 is the External/Statua Source Control regis- 
ter. If the External/Stetus interrupte are 
enabled ea a group via WR1, bits in this register 
control which External/Status conditions can cause 
an interrupt. Only the External/Status conditions 
that occur after the controlling bit is set to 1 
will cause an interrupt. This ia true even if an 
External/Status condition ia pending at the time 
the bit is set. Bit positions for WR1S are shown 
in Figure 4-17. 
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Figure 4-17. Write Register 15 
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Bit 7: Bresk/Abort IE 


If this bit is set to 1, a change in the Break/ 
Abort status of the receiver causes an External/ 
Slatus intecrupt. This bit is set by s channel or 
hardware reset, 


Bit 6: Tx Undercun/E0M 


If this bit is set to 1, a change of state by the 
Tx Undercun/EOM latch in the receiver causes an 
External/Status interrupt. Thia bit is set to 1 
by a channel or hacdwace reset. 


Bit 5: CTS IE 


If this bit is set to 1, a change of state on the 
CIS pin causes on External/Stalus intercupt. This 
bit is set by e channel or hardware reset. 


Bit 4: Sync/Hunt IE 


If this bit is set to 1, a change of state on the 
SYNC pin causes an External/Status interrupt in 
Asynchronous mode, and a change of state in the 
Hunt bit. in the ceceiver causes an Extecnal/Status 
interrupt in synchronous modes. This bit is set 
by 8 channel or hardwace ceset. 


Bit 3: OCD IE 


if this bit is set to 1, a change of state on the 
OCD pin causes an External/Status interrupt. This 
bit is set by a channel or hardware reset. 


Bit 2: Zeco count JE. If this bit is set to 1, 
an External/Status interrupt is generated whenever 
the counter in the beud rate generator reaches 0. 
This bit is set to O by a channel or hardware 
reset. 


4.2 READ REGISTERS 


Both the 28030 and the Z8530 versions of the Z-SCC 
contains nine cead registers in each channel. the 
status of these cegistera is continually chenging 
and depends on the mode of communication, received 
and transmitted data, and the manner in which this 
data is transferred to and from the CPU. The 
following description detaile the ‘bit essignents 
for each registers. 


4.2.1 Read Register 0 (Tracsmit/receive buffer 
Stetus and External Status) 


Read Register 0 contains the status of the receive 
and transmit buffers. RRO also contains the 


status bits for the six sources of Extecnal/Status 
interrupts. The bit configuration is illusteated 
in Figure 4-18. 
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Figure 4-18. Read Register 0 


Bit 7: Bresk/Abort 


In the Asynchronous mode, this bit is set when s 
Break sequence (null character plus framing error) 
ia detected in the ceceive data stream. This bit 
is reset when the sequence is terminated, leaving 
a single null character in the caceive FIFO. This 
cheractec should be read and discerded. In SDLC 
mode, this bit is set by the detection of an Abort 
sequence (seven or more 1s), then reset outomat i- 
cally at the terminetion of the Abort sequence. 
In either case, if the Break/Abort IE bit is set, 
an External/Status interrupt is initiated. Unlike 
the cemainder of the External/status bits, both 
transitions sre guaranteed to cause an External/ 
Status interrupt, even if enother External/Status 
interrupt is pending at the time these transitions 
occur. This procedure is necessary because Abort 
or Break conditions may not persist. ~ 


Bit 6: Ix Underrun/EOM 


This bit is set by a channel or hardware reset and 
when the transmitter is disabled or a Send Abort 
command is issued. This bit can only be reset by 
the Reset Tx Underrun/E0M Latch command in WRO. 
When the Transmit Underrun occurs, this bit is set 
and causes an External/Status interrupt (if the Tx 
Underrun/EOM IE bit is set). 


Only the O-to-1 transition of thie bit causes an 
interrupt. This bit is always 1 in Asynchronous 
mode, unless a reset Tx Underrun/E0M Latch command 
has been erroneously issued. In this case, the 
Send Abort command can be used to set the bit to 
one and at the same time cause an External/Status 
interrupt. 


Bit 5: Clear to Send 
If the CIS I€ bit in WRIS is set, this bit indi- 
cates the state of the CIS pin the last time any 
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of the enebled Externsl/status bits changed. Any 
transition on the CTS pin while no interrupt is 
pending letches the atate of the CTS pin and 
generates an External/Ststus Interrupt. Any odd 
number of transitions on the CTS pin while another 
External/Stetus interrupt is pending also causes 
an External/Status interrupts condition. If the 
CTS IE bit is reset, it merely reports the current 
unlatched etate of the CTS pin. 


Bit 4: SYNC/HUNT 


The operation of this bit is aimilac to thet of 
the CTS bit, except that the condition monitored 
by the bit veries depending on the mode in which 
the SCC is operating. 


When the XTAL oscillator option is selected in 
asynchronous modes, this bit is forced to 0 (no 
External/Steatus interrupt is generated). Select- 
ing the XTAL oscillator in synchronous or SOLC 
modes had no effect on the operation of this bit. 
The XTAL oscillator should not be selected in 
External Syne mode, 


In Asynchronous mode, the operation of this bit is 
identical to that of the CTS status bit, except 
that this bit reports the state of the SYNC pin. 


In External sync mode the SYNC pin is used by 
external logic to signal cherecter synchronizs- 
tion. When the Enter Hunt Mode command is issued 
in External Sync mode, the SYNC pin must be held 
High by the external syne logic until character 
synchconizetion is achieved: A High on the SYNC 
pin holds the Synce/Hunt bit in the reset condi- 
tion. 


When external synchronization ie achieved, SYNC 
must be driven Low on the second rising edgs of 
the Receive Clock after the lest rising edge of 
the Receive Clock on which the last bit of the 
receive character was received. Once SYNC is 
forced Low, it is good practice to keep it Low 
until the CPU informs the external syne logic that 
synchronization has been lost or that a new 
message is sbout to stert. Both transitions on 
the SYNC pin cause External/Status interrupts if 
the Syne/Hunt IE bit ia set to 1. 


The Enter Hunt Mode command should be issued when- 
ever character synchronization is lost. At the 
seme time, the CPU should inform the external 
logic that character synchronization has been lost 
and that the SCC is waiting for SYNC to become 
active, 


In the Monosync and Bisync Receive modes, the 
Syne/Hunt status bit is initially set to 1 by the 


Enter Hunt Mode command. The Sync/Hunt bit is 
reset when the SCC established character synchro- 
nization. Both transitions cause External/Statue 
interrupts if ths Sync/Hunt IE bit ie set. When 
the CPU detects the end of message or the lose of 
character synchronization, the Enter Hunt Mode 
command should be iasued to set the Sync/Hunt bit 
and cause an External/Status interrupt. In this 
mode, the SYNC pin is an output, which goes Low 
every time a sync pattern is detected in the data 
stream, 


In the SOLC modes, the Sync/Hunt bit is initially 
set by the Enter Hunt Mode command or when the 
teceiver is disabled, It is reset when the open- 
ing flag of the first frame is detected by the 
SCC. An External/Status interrupt is also gener- 
ated if the Sync/Hunt IE bit ia set. Unlike the 
Monosync and Bisync modes, once the Sync/Hunt bit 
is reset in SLDC mode, it does not need to be set 
when the end of the frame is detected. The SCC 
automatically maintains synchronization. The only 
way the Sync/Hunt bit can be set again is by the 
Enter Hunt Mode command or by disabling the 
Teceiver. 


Bit 3: Date Carrier Detect 


If the DCD IE bit in WR15 is set, this bit indi- 
cates the state of the DCD pin the last Lime the 
Enabled External/status bits changed. Any tran- 
sition on the DCD pin while no interrupt is pend- 
ing latches the state of the OCD pin and generates 
an External/Status interrupt. Any odd number of 
transitione on the OCD pin while another 
External/Status interrupt is pending also causes 
an External/Status interrupt condition. If the 
DCD If bit is reset, this bit merely reports the 
current, unlatched state of the DCD pin. 


Bit 2: Ix Buffer Empty 


This bit is set to 1 when the transmit buffer is 
empty. It is reset while CRC is sent in a 
synchronous or SDLC mode and while the transmit 
buffer ie full. The bit is reset when a character 
is loaded into the tranemit buffer. This bit is 
always in the set condition after a hardware or 
channel reset. 


Bit 1: Zero count 


If the Zero Count Interrupt Enable bit is set in 
WR1I5, this bit is set to 1 and latched when the 
counter in the baud rate generator reaches the 
count of zero. If there is no other External/ 
Status interrupt cundition pending at the time 
this bit 18 set, an Exlernal/Status interrupt 1s 
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generated. However, if there is another 
€xternal/Statua interrupt pending at this time, no 
interrupt is initiated until interrupt service is 
complete. Thia bit can be reset by the Reset 
External/Status Interrupts command or by a channel 
or hardware reset. If the Zeco Count IE bit ia 
reset, this bit is alwaya in the zero state. 


Bit O: R& Character Availsble 


This bit is set to 1 when at least one character 
is available in the receive FIFO and is reset when 
the receive FIFO is completely empty. A channel 
or hardware reset empties the receive FIFO, 


4.2.2 Read Register 1 


RR1 containa the Special Receive Condition status 
bits end the residue codea for the I-field in SOLC 
mode. Figure 4-19 shows the bit poaitiona for 
RR1. 


L ALL SENT 
RESIDUE CODE 2 
RESIDUE CODE 1 


RESIDUE CODE 0 
PARITY ERROR 

Rr OVERRUN ERROR 
CRCIFRAMING ERROR 
END OF FRAME (SDLC} 


Figure 4-19. Read Register 1 
Bit 7: End of Frame (SDLC) 


This bit is used only in SDLC made and indicates 
that @ valid closing flag has been received and 
thet the CRC Error bit and residue codea are 
valid. This bit can be reset by issuing the Error 
Reset command. It is also updated by the first 
character of the following frame. This bit is 
reset in any mode other than SOLC. 


Bit 6: CRC/framing Error 


If a framing error occurs (in Asynchronous mode), 
thie bit is set (and nol latched) for the receive 
character in which the framing error occurred. 
Detection of a framing error adda an additional 
one-half bit to the character time so that the 
framing error is not interpreted as a new Start 
bit. In Synchronous and SDLC modes, this bit 
indicates the result of comparing the CRC checker 
to the appropriate check value. This bit is reset 
by issuing an Freor Reset command, but Lhe bit is 
never latched.  Thecefore, tt is always updated 
when the next characler is received. When used 


foe CRC error statue in Synchronous or SDLC modes, 
this bit is uaually set since most bit 
combinations, except for a correctly completed 
message, result in a non-zero CRC. 


Bit 5: ‘Receive Overrun Error 


Thies bit indicates that the receive FIFO has over- 
flowed. Only the character that has been written 
over is flagged with thia error, and when the 
character is cead, the Ercor condition is latched 
until reset by the Error Reset command. The over- 
run chacacter and all subsequent cheracters 
received until the Error Reset command ia issued 
causes a Special Receive Condition vector to be 
returned. 


Bit 4: Parity Error 


When pacity is enabled, this bit is set for the 
characters whose parity doea not match the pro- 
grammed sense (even/odd). Thie bit is latched so 
that once an error occurs, it remaina set until 
the Error Reset command is issued. If the parity 
in Special Condition bit is set, @ parity error 
causes e@ Special Receive Condition vector to be 
returned on the character containing the error and 
on all subsequent characteca until the Error Reset 
command is issued. 


Bite 3 - 1: Residue Codes 2, 1, and 0 


In those cases in SDLC mode where the received 
I-field is not an integral multiple of the char- 
acter length, these three bits indicate the length 
of the I-Field and sre meaningful only for the 
transfer in which the end of frame bit is set. 
This field ia set to 011 by a channel or hardware 
reset and is forced to this stete itn Asynchronous 
mode. These three bits can leave this state only 
if SDLC is selected and a character is received. 
The codes signify the following (Reference Table 
4-8) when a receive character length is exght bits 
per character. 


Table 4-8. I-field Bit Selection (8 Bits Only) 
Ifield I-ield 
Residue Residue Residue Bits in Bits in 
Previous Previous 

Byte fyte 


--se--se40c9 
co 
Pennvew 
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CBR ons 


a A 


I-Field bits are right-justified in all cases. If 
@ receive character length other than eight bits 
is used for the I-Field, a table similar to Teble 
4~8 can be constructed for each different char- 
acter length. Table 4-9 shows the residue codes 
for no residue (the I-Field boundary lies on a 
character boundary). 


Teble 4-9. Residue Bite/Charecter 


Bits/Char Residue Residue Residue 


Vnn @ 
-o0 - 


1 
0 
1 
it) 


oooo 


Bit O: ALI Sent 


In Asynchronous mode, this bit is set when all 
characters have completely cleared the transamit- 
ter. Mast modems contains additional delay in the 
data path, which requires the modem control sig- 
nals to remain active until after the data has 
cleared both the transmitter and the modem. This 
bit is always set in synchronous and SDLC modes. 


4.2.3 Read Register 2 


RR2 contains the interrupt vector written into 
WR2. When the register is accessed in Channel A, 
the vector returned is the vector actually stored 
in WR2. When this register is acceased in Channel 
8, the vector returned includes status information 
in bits 1, 2, and 3 or in bits 6, 5, and 4, 
depending on the state of the Status High/Status 
Low bit in WR9 and independent of the atate of the 
VIS bit in WRI. The vector is modified according 
to Table 4-3 shawn in the explanation of the VIS 
bit in WRI. If no interrupts are pending, the 
status is V3, ¥Z, V1 = 011, or V6, V5, V4 = 110. 
Figure 4-20 shows the bit positions for RR2. 


[Es 


INTERRUPT VECTOR « 


“MODIFIED IN B CHANNEL 


Figure 4-20. Read Register 2 


4.2.4 Read Regiater 3 


RR} is the Interrupt Pending register. The stetus 
of each of the Interrupt Pending bits in the Z~SCC 
is reported in this register. This register 
exista only in Channel A. If this register is 
accessed in Channel B, all Os are returned. The 
two unused bits are always returned 0. Figure 
4-21 shows the bit positions for RR3. 


L CHANMEL @ EXTIRTAT (P> 
CHANNEL ® Ta PY 
CHANNEL & Ai ip* 


CHANNEL A EXTISTAT IP* 
CHANNEL A Ta 1P* 
CHANNEL A Rx IP 
° 
o 

“ALWAYS 0 IN B CHANNEL 


Figure 4-21. Read Register 3 
4.2.5 Read Register 6 
RRB is the Receive Data register. 
4.2.6 Read Register 10 


RR10 contains some miscellaneous status bits. 
Unused bits are alwaya 0. Bit positions for RRIO 
ere shown in Figure 4-22. 


Bit 7: One Clock Missing 


While operating in the FM mode, the DPLL sets this 
bit to 1 when it does not see a clock edge on the 
incoming line in the window where it expects one. 
This bit is latched until reset by @ Reset Missing 
Clock or Enter Search Mode command in WR10. In 
the NRZI mode of operation and while the DPLL is 
disubled, this bit is always 0. 


Bit 6: Two Clocks Missing 


While operating in the FM mode, the DPLL sets this 
bit to 1 when it does not see a clock edge in Iwo 
successive tries. At the same time the DPLL 
enters the Search mode. this dit is latched until 
reset by Reset Missing Clock or Enter Search 
Mode command in WR10. In the NR7E mode of 
operation and while the DPLL is disabled, this bit 
is always 0. 


Bit 4: loop Sending 


This bit is set to 1 in SDLC toop mode while the 
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transmitter ts in control of the loop, that is, 
while the SCC is actively transmitting on the 
loop. Thig bit is reset at all other times. 


Bit 1: On Loop 

This bit is set to 1 while the SCC is actually 
on-loop in SDLC Loop mode. This bit is set to 1 
in the X.21 mode (Loop mode selected while in 


tanosyne) when the transmitter goes active. This 
bit is 0 at all other times. 


[ibe 
ON Looe 
e 
® 
Looe senDiIna 
° C) 
TWO CLOCKS aissine: 
ONE CLOCK MISSING 


Figure 4-22. Read Register 10 


4.2.7 Read Register 12 


RRIZ returns the value stored in WR12, the lower 
byte of the time constant for the baud rate gener- 
ator. Figure 4-23 shows the bit positione for 
RR12. 


[orJe.[°. [e.[osTox]os [>>] 
| Live. 
Tey 
iy 
LOWER BYTE OF 


Yee f TIME CONSTANT 


Figure 4-23. Read Register 12 
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4.2.8 Read Register 13 
RR13 returns the value stored in WR1I3, the upper 
byte of the time constant for the baud rate gener~ 


stor. Figure 4-24 shows the bit positions for 
RRS. 


| L Tey 
Wey 
Tew 

UPPER BYTE OF 


Terr (THE CONSTANT 


Figure 4-24. Reed Register 15 


4.2.9 Read Register 15 
RR1S reflects the value etared in WRI5, the 
External/Status IE bits. The two unused bits are 


always returned es Os. Figure 4-25 shows the bits 
positions for RR15. 


| . 
Lt ZERO COUNT Fe 
. 
DCOIE 
BYNCTHUNT HE - 
crsie 
‘Tr UNDERRUNEOM IE 
BREAWUABORT 


Figure 4-25. Read Register 15 
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Appendix A 
Hardware Information 


Absolute Voltages on ail inputs and outputs Stresses greater than those listed under Absolute Maxi 
Moximum with respect toGND.......... -0.9V to +7.0V mum Ratings may cause permanent damage to the device. 
Ratin, ; This is 4 streas rating only; operation of the device at any 
igs Operating Ambient condition above those indicated in (he operational sections 
Temperature .............006- As Specified in of these specifications is not implied. Exposure to absolute 
Ordering Information —_'™X!mum rating conditions for extended periods may affect 
i device reliability. 
Storage Temperature........ -65°C to +150°C 
Standard The characteristics below apply for the @+4.75V< Veo < +5.25V 
Test following standard test conditions, unless ew GND =0V 
Conditions otherwise noted. All voltages are referenced to Ta aé:soediliad tn. Orderidg Information 
GND. Positive current flows into the refer- A cae eed a : 
enced pin. Standard conditions are as follows: All ac parameters assume a load capacitance 
of 50 pF max. 
oe 
a0 aay 
FROM OUTPUT 
UNDER TEST am 
#ROM OUTPUT s| 
UNDER TEST 
ae 20 
l in 
Figure 18. Standard Test Load Figure 16. Open-Drain Test Loud 
pe Symbol Parameter Min - Max Unit Condition 
Charac- piers 
teristics Vin Input High Voltage 2.0 Veo +0.3 Vv 
Vu, Input Low Voltage 0.3 0.8 v 
Vv Output High Voltage 24 v = ~ 250 pA 
OH 1H 
Vv Output Low Voltage 0.4 v = +2.00mA 
OL Le 
Th Input Leakage + 10,0 HA 0465 Vys +2.4V 
Ly, Output Leakage + 10.0 BA 0.4 Ss Voy; Ss +2.4V 
loc Vec Supply Current 250 mA 


Vor= SV 4 Ste uninse otherwise specified, over spacitind temperaturm range. 


Capacitance Symbol 


Parameter Min Max Unit Test Condition 
Cw Input Sapacilance 10 pF Unmeasured Pins 
Cour Ontput Capacitance 1S pF Returned to Ground 
Cun Bidirectional Capacitance 20 pF 


1 = 1 MHz. over apecitied temperature range 
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General Description 


1.1 INTRODUCTION 


The 78036 Z-CIO and 28536 CIC Counter/Timer and 
Parallel 1/0 devices are general-purpose peri- 
pheral circuits that satisfy most counter/timer 
and psraliel 1/0 neede encountered in system 
design, and are therefore helpful in real-time 
situations and for interrupt control. The 78036 
Z-CIO is designed for systems using the 7-B8US or 
any other multiplexed Address/Deta bus. The 28536 
CIO is designed for CPis using a nonmilt iplexed 
bus, like that of the Ze0 CPU. the differences 
between the two devices ere found in the CPU 
irterfece, pin-outs, and timing. 


NOTE 


All material in this manual referring to 
“the CIO" applies te both the 28036 and 
the 78536, unless specifically desig- 
nated by reference to either 26036 or 
78536. ALL references to the 2Z-CIO 
refer only to the Z8036. 


1.2 FEATURES 


The Z-CIO and C10 devicea satisfy a wide range of 
epplicatione because of their extensive list of 
features: 


e Two independent 8-bit, double-buffered, bidi- 
rectional 1/0 ports, plus a 4-bit special-pur- 
poss [/0 port. The I/0 ports feature program- 
mable polarity, programmable direction (Bit 
mode), 1's catchers, and programmable open- 
drain outputs. 


® Four handshake modes, including 3-Wire (like 
the IEEE-488). 


e@ REQUEST/WAIT signal for high-speed data trane- 
fer. 


@ Flexible pattern-recognition logic, program- 
mable as a 16-vector interrupt controlier. 


@ Three independert 16-bit counter/timers, each 
with three output duty cycles (pulsed, one- 
shot, and square-wave) and up to four external 
accese lines (court input, output, gate, and 
trigger). The counter/timers are programmed le 
ee retriggereble or non-retriggatad le. 


e@ Ail registers ere read/write. In the 720036, 
the registers are directly addressable; in the 
78536, the registers are accessed in two steps. 


1-3 OVERVIEW 


The CIO (Figure 1-1) consists of a CPU interface, 
three 1/0 ports (two general-purpose 8-bit ports 
and one special-purpose 4-bit port), three 16-bit 
counter/timers, an interrupt control logic block, 
and an internal control logic block. A large num- 
ber of programmable options allow usere to tailor 
the configuration to suit apecific applicat fone. 


1.3.4 1/0 Porte 


There are three 1/0 porta: two general-purpose 
8-bit ports (which sre linkable into one 16-bit 
port), and one special-purpose 4-bit port. 


1.3.1.1 Ports A and B 


The two general-purpose 68-bit 1/0 porta, Ports A 
and B (Figure 1-2), are identical, except thet 
Port B can be programmed to provide external 
acosss to Counter/Timers 1 and 2. Either port can 
be programmed to be either a handshake-driven, 
single- or double-buffered port (input, output, or 
bidirectional), or a control port with the direc- 
tion of each bit individually programmable. 
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7 include pattert-recagmition logic, like @ priority snterrupt controlier. Ports A and 
which allows interrupt general ion when a specific 8 can sisy be Linked (a form a 16-bit 1/0 port 
detectod, The patlern-recagnit ion with handshake . 

!ngie can be programmed ta make the purt function 
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Fagure 1-1. 78036/28536 Z-CIO/CIO Block Diagram 
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Figure 1-2. Ports A and B Block Diaqraa 


Jee on On? 


Each port has 12 control and status cegisters, 
which control these capabilities. The data path 
of each port is composed of three internal cegis- 
tera: the Input Deta register, the Output Data 
cegister, and the Buffer cegister. The input Data 
register is accessed by writing the Port Data reg- 
ister; similarly, the Output Date register is 
acceased hy reading the Port Data register. Iwo 
registers, the Mode Specification register and the 
Handshake Specification register, ere used to 
define the mode of the port and to specify which 
type of handshake, if any, is to be used. Ihe 
reference pattern for the pattern-recognit ion 
logic is specified by the contents of three regis- 
ters: the Pattern Polarity register, Pattern 
Transition register, and Pattern Mask register. 
The detailed characteristica of each bit path (for 
example, the direction of dats flow or whether a 
path is inverting or non-inverting) are programmed 
using the Data Path Polarity register, Data Direc- 
tion register, and Special 1/0 Control register. 


For each port, the primary control end status bits 
ere grouped in a single register, the Command and 
Status register. After the port is configured, 
this is the only register that needs ta be 
accessed Frequently. To facilitate initializa- 
tion, the port logic is designed so that registers 
associated with an unrequired capability sre 
ignored and do not have to be programmed. 


1.3.1.2 Port C 


The function of the special-purpose 4-bit port, 
Port C (Figure 1-3), depends upon the roles of 
Ports A and B. Port C provides the handshake 
lines when required by the other two ports. A 
REQUEST/WATT line can also be provided by Port C 
so that transfers by Porta A and B can be 
synchronized with DMAs or CPUs. Any bits of Port 
C not used ag handshake linea can be used ea 1/0 
lines or a9 external acceas to Counter/Timer 3. 


Since Port C'a function is defined primarily by 
Ports A and B (besides the internal Input Data and 
Output Data registers, which are accessed as in 
Porta A and B), only the three bit path registers 
are needed: the Data Path Polarity regiater, the 
Data Direction register, and the Special 1/0 
Control register. 


1.3.2 Counter/liwers 


The three counter/timers (Figure 1-4) are all 
identical. Each is composed of a 16-bit down- 
counter, @ 16-bit Time Constant register (which 
holds the value loaded into the down-counter), a 
16-bit Current Count register (used to read the 
contents of the down-counter), and two @-bit reg- 
isters for contro) and status (the Mode Specifica- 
tion and the C/T Command and Status registers). 
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Figure 1-3. Port C Block Diagram 
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Figure 1-4, Counter/Viser Block Diegras ' 


Up to four port pins (counter input, gate input, interrupt handling capabilities. (See Z-BUS Com- 
trigger anput, and counter/tamer output) can be ponent Interconnect Summary, Zilog Data Book.) 
used es dedicated external eccess lines for each There are five registers (the Master Interrupt 
counter/timer, Three different counter/timer out- Control register, the Current Yector register, and 
put duty cycles are available: pulse, one-shot, the three Interrupt Vector registerea) associated 
and square-wave. The operation of the counter/ with the interrupt logic. In addition, each Port 
Lamers can be progremmod as either cetriggerable and Counter/fimer Commend and Status register in- 


or non-retriggeradle. cludes three bits essociated with the interrupt 


logic: Interrupt Pending (IP), Interrupt Under 


Service (1US), and Interrupt Enable (IE). 
1.3.3 Interrupt Control Logic 


The 28036 and 28536 interrupt control logic pro- 
vides the basis for standard Z-BUS and non-Z-8US 


eee 
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Chapter 2 
Register Description 


2.1 INTRODUCTLON 


This chapter provides brief descriptions of the 
commend, status end data registers contained in 
the CIO. Each deacription includes the register 
eddress, the operation of the individual bits, and 
the state of the register after a reset (hardware 
or software). 


6 bits written to an internal Pointer register 06 
the addresses Ag-As. The details of the address- 
ing schemes are described in Section 2.2 for the 
78036 and Section 2.3 for the 78536, 


For more complete discussions of the features and 
modes of operation of the C10 specified by these 
bits, refer to the appropriate chapters: 


For simplicity, the descriptions assume that the Chapter 3 Port Operation 

data path polarity of each bit ia programmed to be Chapter 4 Counter/Timer Operation 
non-inverting. Teble 2-1 is 9 summary of the 48 Chepter 5 Interrupt Operat ion 
CIO registers arranged in Functional and numerical Chapter 6 Initialization 


order. The binery internal sddresses are the 


Teble 2-1. 29036/28536 7-C10/CiQ Register Sumeary 


Internal, 
Address Read/Write Register Name 
* (Binary) 

As- Ag Main Control Registers 

oo00000 R/W Master Interrupt Control] 

900001 R/# Mester Configuration Control 
000010 RW Port A Interrupt Vector 

000011 R/W Port 6 Interrupt Vector 

000100 R/W Counter/famer Interrupt Vector 
000101 R/W Port C Data Path Polarity 

000110 RM Purt C Data Direction 

000111 R/W Port C Special -1/0 Control 

Most Often Accessed Registers 

001000 * Port A Command and Status 

001001 Ls Port 8 Commend and Status 

001010 . Counter/Timer 1 Command and Status 
001011 i Counter/Timer 2 Command and Status 
001100 7 Counter/Timer 3 Command and Stetus 
001101 R/W Port A Data** 

001110 RM Port B Data** 

001111 R/W Port C Data** 


Tebte 2-1. 78036/70536 Z-CI0/CIO Register Summer y--Cont inued 


Internet 
Address Read/Write Register Nawe 
(Binary) 

Counter/Timer Related Registers 
010000 R Counter/Timer 1 Current Count MS Byte 
010001 R Counter/Timer 1 Current Count LS Byte 
610010 R Counter/limer 2 Current Count MS Byte 
010011 R Counter/Timer 2 Current Count LS Byte 
010100 R Counter/Timer 3 Current Count MS Byte 
010101 R Counter/Timer 3 Current Count LS Byte 
010110 R/W Counter/Timer 1 Time Constant MS Byte 
010011 R/# Counter/Timer + Time Constant 15 Byte 
011600 R/W Counter/Timer 2 Time Constant MS Byte 
611001 R/W Counter/Timer 2 Time Constant. LS Byte 
011010 RAW Counter/Timer 3 Time Constant MS Byte 
atioit R/W Counter/Timer 3 Time Conatant LS Byte 
011100 R/W Counter/Timer 1 Mode Specification 
orito1 R/W Counter/Timer 2 Mode Specificet ion 
019110 R/w Counter/Timer 3 Mode Specification 
O1iiit R Current: Vector 

Port A Specification Registers 
tono00 R/a . Port A Mode Specificat ion 
100001 R/W Port A Handshake Specification 
100010 R/W Port A Data Path Polarity 
100011 R/W Port A Data Direct ion 
100100 R/W Port A Special 1/0 Control 
100101 R/W Port A Pattern Polarity 
100110 R/W Port A Pattern Transit ion 

A 


100111 R/W Port A Pattern Mask 


Port B Specification Registera 


101000 R/W Port 8 Mode Specificat ion 
101001 R/W Port B Handshake Specification 
101010 R/W Port B Data Peth Polarity 
101011 R/W Port 8 Data Direction 

101100 R/W Port B Special 1/0 Control 
101101 R/W Port B Pattern Polarity 

101110 R/W Port B Pattern Transit ion 
Wt R/W Port B Pattern Mask 


Sn Enna eee 


All bits can be read and some bits can be written. 


Also directly addressable in 26536 using pins Ag and Ay. 


(See table 2-2 and Figures 8-1 and 8-2.) 


2.2 REGISTER ADDRESSING FOR THE 78036 (2-C10) 


Register addressing in the 28036 is accomplished 
through the use of an internal Pointer register. 
The 78036 takes the contents of the multiplexed 
Address/Dats bus and gates a subset of them into 
the internal Pointer register when AS ia Low. The 
internal Pointer register identiflea which regis- 
ter will be sccessed during the subsequent part of 
this cycle. 


The 78036 provides two schemes for selecting the 
desired six of the eight addresa bits. The scheme 
to be used is determined by the Right Justify 
Address (RJA) bit in the Master Interrupt Control 
register. When RJA = 0, Address bua bite 0 and 7 
are ignored, and bits 1 through 6 ere decoded for 
the register address (Ag derives from AD{, As 
derives from AD). When RJA = 1, address bite 0 
through 5 are decoded for the register address (Ap 
derives from ADp, As derivea from ADs). In the 
following register descriptions, only aix bits are 
shown for sddressing--they represent Addrese/Data 
bus bite 5 through D0 er 6 through 1, depending on 
the state of tha RJA bit. 


2.3 REGESTER ADDRESSING FOR THE 78536 (CIO) 


The registers in the 28536 are accessed in a two- 
step sequence with pins Ag and Ay = 1. In the 
First step, a 6-bit address (the least-eignificant 
6 bite of the Data bus) is written to an internal 
Pointer register. In the second step, the regia- 
ter identified by the Pointer register is reed 
from or written to. 


The data registers for the 28536 Ports A, 8, and C 
can be accessed by this sequence. The date regis- 
ters can aleo be directly addressed by use of 
device pins Ay and Ay, as shown in Table 2-2. 


Table 2-2. Port Data Regiater Addressing 


for the CIO 
Data Address Line 
Register yy Ag 
Port € 0 Oo 
Port B o 1 
Port A 1 tt) 
Control 1 1 


The 28536 containa a state machine which deter- 
mines if accessea with Ag and Aq = 1 (see 


Table 2-2) sre to the Pointer register or to en 
internal control register. (Refec to Figure 2-1 
for the following discussion.) Reade in State 0 
leave the state machine in State 0. Writes to the 
78536 in State 0 update the Pointer register and 
put the state machine into State 1, Accesses in 
State 1 are to the register addressed by the 
Pointer register, and cause the state machine to 
revert to State 0. State changes occur only when 
Pin Ag = pin Ay = 1, Direct accesses of the date 
Tegisters have no effect on state machine 
operat ion. 


After any control reed operation (pin Ag = pin A4 
= 1), the state machine is in State 0 (the next 
control sacosss ia to the Pointer register). This 
can be used to force the state machine into a 
known state. Control reada in State O return the 
contents of the last register pointed to. 
Therefore, a register can be read cont inuously 
without writing to the pointer. While the 28536 
de in State 1 (next control access is to the 
register pointed to), many internal operations are 
suspended, Interrupt Pending (IP) cannot be set, 
and internal status is frozen. Therefore, to 
minimize interrupt latency and to allow cont inuous 
status updates, the 78536 should not be isft in 
State 1. 


—- ADOR 
WA (BITO > 1 


on 
corTwann 
neser 


(POINTER (m1) 
REGISTER) 


WA TO REGO 
roe a 


Figure 2-1. 28536 Stete Machine Operat ion 


2.4 WASTER CONTROL REGISTERS 


The Master Control registers consist of the Master 
Interrupt Cont rol register and Master 
Configuration Control register. These registers 
provide primary controle for the interrupt logic, 
port and counter/timer enable bits, port and 
counter/timer link bite and the RESET bit. 


2.4.1 Mester Interrupt Control Register 


The Master Interrupt Control register comaina the 
primary control bits for the interrupt control 
logic. When the device is reast all bite in all 
device ragisters are forced to  sxcept RESET, 
which is set to 4. The RJA bit (Dy) is only 


2087 


DISABLE LOWEN CHAIN (OLC) —- 


applicable to the 78036 Z-CIO. All bits in the 
Master Interrupt Control register are Reed/Write. 


ss OOHONG 
(Read/Write) 


wsartnsnesnrr | | [ L eset 


EWADLE (MIE) 
--— RIGHT JUSTIFIED ADDRESSES 
@= SHIFT LEFY Ute trom AD,) 
‘Tm RIGHT JUSTIFY (Ae from ADe) 
NOT USED IN 28534 (READ RETURNS 1) 


HO VECTOR (NY) ---—-. 
COUNTEAMTIMERS VECTOR 
PORT A VECTOR INCLUDES - —-——-- - INCLUDES STATUS (CT Vi) 
STATUS (PA VIN) 


+ —— PORT & VECTOR CLUDES: 
STATUS (PB Vis) 


Figure 2-2, Master Interrupt Control Register 


Manter Interrupt Eneble--WIE (07). Clearing this 
bit to 0 inhibits the device from requesting an 
interrupt or responding to an Interrupt Acknow- 
ledge. Ite effect Is the same as pulling the 
Interrupt Eneble In (IEI) input Low, except that 
the daisy-chain is left intact. A 1 in thie bit 
allows the interrupt logic to operate normally. 


The MIE bit also affects whether or not status is 
included when reading interrupt vectors. If MIE = 
0, interrupt vector reads do not include status. 
if MIE = 1, vector reads always include status, 
independent of the state of the corresponding Vec- 
tor Includes Status (VIS) bit. 


Disable Lower Chain--DLC (0). If DLC ie set to- 
1, the Interrupt Enable Out (JE0) output of the 
device is forced Low, disabling interrupts from 
all lower-priority devices on the daisy-chain. 
When DLC is 0, [EO operates normally. 


No Vector--NV (Ds). When NV is set to 1, the 
device is inhibited from outputting an interrupt 
vector during an Interrupt Acknowledges cycle. 
This allowa the vector to be provided by external 
hardware. It has no effect on the setting of the 
Interrupt Under Service (IUS) bit. If NV is writ- 
ten with 0, the interrupt vector is output as 
usual. 


Port A Vector Includes Stetue--PA VIS (Dy). IF 
this bit is 0 when « Port A interrupt is acknow- 


ledged, the interrupt vector that is output is the 
unmodified content of the Port A Interrupt Vector 
tegister. If thia bit ia written with a 1, the 


Port A base vector is modified to include status, 
which indicates the cause of the interrupt. 
Vector modification is described in Section 
5.3.4. The state of this bit has no effect on the 
value returned when the Port A Interrupt Vector 
register is read, When reading the vector,’ the 
MIE bit determines if status is included in the 
vector,’ (thet is, no status is included if MIE = 
0). 


Port 8 Vector Includes Stetus--PB VIS (03). This 
bit controle whether or not the Port B inter rupt 
vector includes status. It operates the seme way 
that the PA VIS bit controls the Port A interrupt 
vector. 


Counter/Timer Vector Includes Stetus-Cl VIS 
(D,). This bit controls whether or not the base 
interrupt vector shered by the three counter/ 
timers includes status. It operates the same way 
that the other two VIS bite (PA VIS and PB VIS) 
operate. 


Right Juat ified Address--RJA (D1). (26036 only). 
When this bit ie O, the register address is 
shifted left one bit (see Section 2.2). Address 
bit Ap is derived from Address/Data bus bit AD, 
When set to 1, the sddress is right justified, 
(for example, Ag = ADp)- 


The 28536 does not use RJA--this bit is always set 
to 1, which causes the eddress to alwaya be right- 
just ified. 


RESET.-(Dy)- Setting the RESET bit to 1 by a 
software write resets the device. The bit can 
also be set by a hardware reset on the 28036 by 
forcing Address Strobe (AS) and Data Strobe (D5) 
low simultaneously; or on the 78536 by forcing 
Read (FO) and write (WR) tow simultaneously. 
While RESET is 1, reads of all other registers 
will be O and writes to other registers are 
ignored. This bit is cleared only by writing a 0 
to the RESET bit (see Sections 6.2 and 6.3). 


2.4.2 Wester Configurat jon Contral Register 


The Mester Configuration Control register contains 
the control bits used to enable differert sect ions 
of the device after they are initially configured, 
ee well = the bits wed to link the ports 
together snd the timers together. All bits are 
cleared to 0 by resetting the device. The regis- 
ter is read/write. 


ae meeeeemcieecececemee cern 
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204 009 


Address: 


gooon1 


(Read/Write) 


PORTS J 
ENABLE (P8E} 
COUNTERTIMER ¢ 


EWABLE (CT HE) 
COUNTERITIMER 2 
ENABLE (CT26) 


PORT C AND COUNTERT 
THMEN 3 ENABLE 
{PCE AND C136) 


- COUNTERITINER LINK 


CONTROLS A.C) 


ot 
Ae AS counrpammtens iNDEPENDENT 
cate OATES CT 2 
; Tmaal 
GT te OUTPUT 1s Cot 0 
COUNT INPUT 


PORT A ENABLE (PAR) 


: 


PORT LINK CONTROL (PLC) 
O= PORTS & AND B OPERATE INDEPENDENTLY 
41=PORTS A AND B ARE LINKED 


Figure 2-3. Mester Configuration Control 
Register 


Port B Ensble--PHE (D7). This bit, when set to 1, 
allows Port B to operate normelly. When cleared 
to 0, it inhibits the Port B logic from issuing an 
interrupt request (ite IP cannot be set); however, 
if IP wes already set, clearing PBE does not clear 
IP. While cleared to 0, PBE inhibits READY/WATT 
assertion, holds all 1's catchers in a trensparent 
condition, and forces the Port B 1/0 linea into s 
high-impedance state. The purpose of this bit is 
to allow Port B to be configured initially without 
setting ite IP erroneously or having its [/0 lines 
go low-impedance until it is safe to do so. 


Courter/Timer 1 Enable--CT1E (Dg). When cleered 
to 0, Counter/Timer 1 is put into an initialized 
stete: its IP cannot be set (however, if IP waa 
already set, clearing CI1E does not clear IP), the 
Count In Progress (CIP) flag is cleared, Resd 
Counter Control (RCC) is forced to 0, and all 
trigger inputs are ignored, Setting CT1£ to 1 
silows the counter/timer to function normal ly. 


Counter/Timer 2 Eneble--CI2E (Ds). The CT2ZE bit 
performs the same function for Counter/Timer 2 
that CIE performs for Counter/Timey 1. 


Port C and Courter/Tieer 3 Ensble--PfE end CI3E 
(Dg). This bit enables both Port C and Counter/ 
Timee 3. The function is the same aa D7 (PBE) and 
Og (CIE) for Port B and Counter/Timer 1, respec- 


tively. In addition, while this bit is cleared to 
O, the handshake logic for Ports A and B is forced 
into en idle state ond the internal Acknowledge 
Input (ACKIN) signal is forced High. This allows 
the stert-up of handsheke operations to be 
precisely controlled. 


Part Link Control--PLC (D3). When PLC is set to 
1, Ports A and B are linked to form a 16-bit 
port. In this mode, only the Port A Handsheke 
Specification and Command and Status registers are 
used. Port B must be specified as a bit port and 
its pattern match capability must be disabled. 
Also, when linked, the Port 8 data register must 
be read or written before the Port A data 
register. AO in the PLC bit allows the ports to 
operate independently. If the ports are to be 
linked, this bit must be set before the ports are 
ened led. 


Port A Eneble--PAE (D2). The Port A Enable bit 
performs the same function for Port A that the 
Port B Enable bit (D7) performs for Port 8. 


Counter/Timer Link Controle-1C, & Ly (D,. & 
Og). These two bits specify if and how Counter/ 
Timers 1 snd 2 are linked. he Counter/Timers 
must be linked before they sre enabled. The vari- 
ous configurations are shown in Table 2-3. 


Teble 2-3. Counter/Yiser Link Contrals 


Configurat jon 


Counter/Timer 1's output (inverted) gates Coumter/limer 2 
Counter/Timer 1's output (inverted) triggers Counter/limer 2 


Lc, Ly 
G 0 Counter/Timers are independent 
it) 1 
1 Qo 
1 1 


Counter/Timer 1's output. (inverted) is Counter/Timer Z's count input 


(Counter/fimer 2's External Count Enable* bit must be cleared tv 0) 


* (See Section 2.9.1 for description of External Count Enable bit.) 


2014 09 
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2.5 PORT SPECIFICATION REGISTERS 


Each of these registera define the port operating 
mode, specify the type of handshake (if one is 
used), and contain the command and status bits 
used to affect data transfers of its port. There 
is a eet of Port Specification registers for both 
Port A and Port B. 


2.5.1 Port Mode Specification Registers 


Each Port Mode Specification register contains the 
bits that define the operating mode of its port 
and specify the operation of pattern match logic 
uf the port. A reset forces all bits to be 
cleared to 0. All bits are read/write. 


Addressea: 100000 Port A 
101000 Port 6 
(Read/Write) 


PORT TYPE mes L LATCH ON PATTERN MATCH (LPM) 
wrt prao (HANDSHAKE MODES) 
© 0 aITPORT 
o t INPUT PoAT PATTERN MODE SPECIFICATION 
1 0 OUTPUT PORT BITS (ems) 
41 DIRECTIONAL, PMst pmso 
eon @ 0 OMMAGLE PATTERN maTCH 
INTERRUPT ON TWO 9 4 “AND"MODE 
BYTES (178) + 0 “ON” MODE 
44 “ORPRIORITY ENCODED 
SINGLE BUFFERED VECTOR” MODE 


Mone (se) 
rd INTERRUPT ON MATCH ONLY ((MO} 


Figure 2-4. Port Mode Specification Registers 


Port Type Selects--PIS; & PISp (Dy & 0). The 
port type is specified by these two bits, shown 
in Table 2-4, 


Table 2-4. Port Type Selects 


PTS, PISg Port Type 


0 O Bit port (no handshake) 

6 1 Input port. with one of four handshakes*® 

1 0 Output port with one of fuur handshakes* 

1 1 Bidirectional port with one uf two hand~ 
shakes** 


* The four handshakes are: Interlocked, Pulsed, 
Strobed, or 3-wire. 
** The two handshakes are: Interlocked ar Strobed. 


Interrupt on Two Bytes--11B (D5). for a port pro- 
grammed with handshake, thia bit indicates when an 
interrupt should be requested. If 116 is set to 1, 
IP is set when two bytes of data can be read or 
written, For en input port, IP is set when both 
the Input Data register and Buffer register are 
full. For an output port, IP is set when both the 
Output Data and Buffer register are empty. When 
HB is cleared to 0, IP is set whenever a single 
byte of data is available to be moved (the Input 
Data register is full or the Output Data register 
is empty). This bit must always be cleared to 0 
for ports specified either as bit ports, single- 
buffered ports (SB = 1), or bidirectional porta. 


118 elso affects the operslion of the Requrst 
Jine. When IIB = 0, the Request line will go 
active as soon as the device is ready for as data 
transfer. For input ports, the Request line will 
go High when the Input Data register ia full. If 
118 = 1, both the Buffer register and Input Data 
Tegister must be full for Request to go active. 
For output ports with ITB = 0, the Request line 
will go High when the Output Data register is emp- 
ty. If ITB = 1, the Request line will) go High 
when both the Buffer register and Output Data reg- 
isters are empty. In either case, the Request line 
will atay active as long as a byte is available to 
be reed or written. 


Single Buffer--S8 (Dy). For a port programmed 
with handshake, this bit specifies if the port 
should be single- or double-buffered. When SA is 
cleared to 0, the port is double-buffered. When 
SB is set to 1 (ITB must be 0), the port is 
single-buffered: an input byte is loaded into both 
the Buffer, and Input Data registers, or an output 
byte is loaded into both the Output Data ard 
Buffer registers, Jhis bit must always be cleared 
to O for bit ports. 


Interrupt. on Metch Onl y--IM0 (D3). For ports with 
handshake (when this bit. is set to 1) an interrupt 
will be generated only when the data moved into 
the Input. Data register or out. of the Output Data 
register malches the pattern specification. When 
cleared to 0, the port operates normally. The 
purpose of this bit is to allow the generation of 
CPU interrupts only on bytes which match the pat- 
tern specification. It is useful, for example, 
when the data is being moved under Direct Memory 
Access (DMA) control. [M0 must be O if either SB 
or FIB are set to tor if the port is a bit port. 


SVE OID 


Pettern Mode Specification Bits--PH5, & Pig (Dz 
a D,). These two bits define the mode of opera- 
tion of the pattern match logic, es is shown in 
Table 2-5. 


Table 2-5. Pattern Mode Specification Sits 


PMS,  PHSg Pattern Mode 

i) i) Disable Pattern Match 

0 1 AND Mode 

1 tt) OR Mode 

1 1 OR~Priority Encoded Vector mode 


The OR-Priority Encoded Vector mode must not be 
specified for ports configured as bit ports with 
the Latch on Pattern Match (LPM) bit set to 1 or 
for ports with handshake. 


Latch On Pattern Match--1PM, or Oeskew Timer 
Enable--DIE (Dg). The LPH/DTE bit is a dual- 
function bit. The LPM Function is active when the 
port is specified in bit mode; the DIE function is 
active when the port is specified aa an output 
port with handshake. 


The LPM bit, when set to 1, causes the port to 


‘latch the input date present at the port when a 


pattern match ia detected. If LPM is 0, pattern 
matches are still detected, but the data reed back 
from the port follows the port pins. 


The OTE bit, when set to 1, activates the deskew 
timer to perform delay functions es set in the 
Port Handshake Specification register. When 
cleared to 0, no delay is activated (see Section 
3.4.3.2). 


LPM/OTE must be cleared to 0 for input ports with 
handshake or for bit ports whose pattern match 
logic is in the OR-Priority Encoded Vector mode. 


2.5.2 Port Handsheke Specification Registers 


€ach of the Port Handshake Specification regis- 
ters contain the bits that specify the type of 
handshake, the utilization of the REQUEST/WATT 
line, and the Deskew Timer Time Constant for porta 
programmed with handshake. These bits are ignored 
if the port is s bit port. A RESET forces all 
bits to 0. All bits are read/write. 


Addresses: 100001 Port A 
101001 Port B 
(Read/Write) 


HANDSHAKE TYPE BPECHFICATION = 
Orva (HTS) 
WTS) HTES 
0 0 INTERLOCKED HANDSHAKE 
8 1: STROBED HANDSHAKE 
1 0 PULSED HANOSHAKE 
11 2WIRE HANDSHAKE 


REQUERTAMATT SPECIFICATION BITS. 
(aws) 


2 RWSt RWS FUNCTION 
nequentaINT DISABLED 
OUTPUT 

input Walt 

SPECIAL REQUEST 


OutPuT MEQUEST 


awe 
e 
° 
° 
1 
’ 
’ INPUT REQUEST 


“To DEGKEW TIME SPECIFICATION 


arTa (Ts) 

SPECIFIES THE MBB's OF 
-DESKEW TIMER TIME CONSTANT. 
A$0 I$ FORCED 1. 


‘MIN OESKEW TIME 


DIE* DYBs DIS? OFS, (IN PCLK CYCLE) 
. x x x o 
1 e ° ° 2 
‘ ° ° 1 ‘ 
4 ° ’ o . 
1 ry 1 ‘ n 
' 1 ° . 10 
' 1 ° 1 a 
’ 1 1 ° 4 
1 1 + s * 


*1N MODE SPECIFICATION REGISTER (SECTION 2.5 1) 


Figure 2-5. Port Handshake Specificat ion 
Registers 
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Handshake Type Specification Bits--HIS; & HISg 
(D) & Dg). These two bite specify the handshake 
type that a port with handsheke will use, a Is 
shown in Table 2-6. 


Table 2-6. tHandehake Type Specificat lon Bits 


HIS, HTSg Handetake Type 

0 Q Interlacked Handshake 
0 4 Strobed Handshake 

1 0 Pulsed Handshake 

1 4 3-Wire Handshake 


The Pulsed Handshake and the 3-Wire Handshake muat 
not be specified for bidirectional ports. Only 
one port st a time can use the Pulsed Handshake 
configuretion. If one port uses the 3-Wire Hand- 
shake, the other port must be 9 bit port. 


REGESTAMAIT Specification Bite-—RWS2—RWSp 
(D5-D3). These three bits specify the ut ilizat jon 
of the REQUESI/WAIT line, as is shown in Table 
2-7. 


Table 2-7. REQUEST/WALIT Specification Bits 


RWS, RWS, «RWS Funct lon 


REQUEST/WATT Disebled 
Output WATT 

Input WAIT 

Special REQUEST 
Output REQUEST 


0 
0 
0 
1 
1 
1 Input REQUEST 


-~e20-00 
=-4oe-.340 


If a port uses the REQUESI/WALT capebility, the 
other port must be programmed as a bit port, 
because three pins of Port C are required. (See 
Teble 3-1.) 


Oeskew Time Specificet ion Bits—-DTS; Through DTS, 
(Dz-Dp). These three bits are the most signifi- 
cant bits of the Deskew Timer Time Constant. They 
specify the minimum amount of deskew time to be 
Provided for output date. They define the minimum 
number of Peripheral Clock (PCLK) cycles of delay, 
0 to 16, between the output of @ new byte of data 
and the handsheke logic indicating that new data 
is availeble (DAV falling). This logic is partic- 
ularly useful in systema where large amounts of 
skew can exist between the date and the handshake 
signals or where the receiver of the data has a 


large set-up time requirement. The amount of des- 
kew provided is shown in Figure 2-5. 


NOTE 


0 PCLK cycles deskew time is obtained 
by not enebling the deakew timer (DIE = 
0 in the Port Mode Specification regis- 
ter). 


2.5.3 Port Commend and Status Registers 


Each of these registers contain the primary com- 
mand and status bits for ite port. Other than the 
data bite themselves, these are the bits most 
often accessed in normal port operation. A reset 
forces ORE to 1 and all other bits to 0. All bits 
are readable and four are writeable. 


Addresses: O01000 Port A 
001001 Port B 
(Reead/Part ial Write) 


SNTERRUPT UNDER L INTERRUPT ON ERROR (108) 
SERVICE (108) 
ANTERAUPT ENABLE (E) PATTERN MATCH FLAG (PMF) 
(READ ONLY) 
INTERRUPT PENDING (tP) 
INPUT REGISTER FULL (AF) 
(US, 1E, AND IP ARE WRITTEN USING {READ ONLY) 
THE FOLLOWING CODE: 
OUTPUT REGISTER EMPTY (ORE) 
MULL CODE (READ ONLY) 


CLEAR) AUS 
SErws 
CLEAR TUS. 
BET IP 

CLEAR IP 
SETIE 
CLEARIE 


IMTERAUPT ERROR (ERR) 
(READ ONLY) 


Figure 2-6. Port Comeend and 
Status Registers 


Interrupt Under Service—IUS (D7). This statue 
bit ia sutomatically set to 1 if ite corresponding 
IP is the highest-priority interrupt request pend- 
ing when an Interrupt Acknowledge sequence takes 
Place. [t can also be set directly by CPU com- 
mand. While the IUS is set, the same and lower 
priority sources of interrupt are prohibited from 
requesting interrupts via the internal and exter- 
nel daisy-chains. the IUS can be cleared to O 
only by CPU command. Jhis bit ia read/write. {t 
is changed by writing to the Command and Status 
register of the port using the code shown in 
Figure 2-6. 
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Ul ape 


Interrupt Ensble--IE (0g). Thie bit enables or 
disables the port's interrupt logic. While IE is 
cleared to @, the port is uneble to request sn 
interrupt or to respond to an Interrupt Acknowl- 
edge. The normal operation of 1P or IUS ie not 
affected--the IP is simply masked off from the 
rest of the device. A 1 in 1US still affecta the 
interrupt daisy-chain. If IE is programmed to be 
4, the interrupt logic operates normally. This 
bit ie read/write. It is changed by writing to 
the Command and Status register of the port using 
the code shown in Figure 2-6. 


Interrupt Pending--IP (D5). 1P ie a status bit 
which, when gat to 1, indicates that the port 
requires servicing due to a pattern match, a hand- 
sheke, or an error. It is set to 1 by the port 
logic (or by the CPU command). If IE is also 1 
and no higher-priority interrupte are under 
service, then the INT line is pulled Low to 
requeat an interrupt. It is cleared to 0 either 
sutomatically or by @ CPU command, depending on 
port configuration. It is changed by writing to 
the Port Command and Status register using the 
code shown in Figure 2-6. 


Interrupt Error--ERR (Dy). This statue bit is 
automatically set to 1 along with IP when, for a 
bit port with pattern match enabled, a second 
match occurs before a previous match is acknowl- 
edged (IP is atill set). If the port Interrupt On 
Error (10€) bit is 0, errora are ignored and this 
bit is held st 0. This bit can be cleared only by 
clearing the corresponding IP. This bit is a 
tead-only bits; writes to it are ignored. 


Output Oeta Register Empty--ORE (D3). ORE is a 
status bit used in conjunction with ports, spaci- 
fied either as output or bidirectional ports, to 
indicate whether or not the Output Data register 
is full. It is set to 1 when a byte of data is 
moved out of the Output Dats register an part of 
en output handshake. The bit can only be cleared 
by writing to the data register. As a bit port, 
ORE is forced to 1 unless OR-PEY pattern match 
mode is specified--in which case, ORE is forced to 
QO. This bit is a read-only bit; writes to it are 
ignored. RESET empties the Output Data register, 
so efter a RESET the ORE is set. 


Input Date Register Full--IAF (D2). IRF ie 2 
ststus bit used in conjunction with ports, speci- 
fied either as input or bidirectional ports, to 
indicate whether or not the Input Data register is 
full. It is automatically set to 1 when a new 
byte of data is available to be read es the result 
of an input handshake. The bit can only be 
Cleared by reading the port data register, thus 


cleared by reading the port data register, thus 
“emptying” the Input Data register and forcing the 
bit to 0. If the port fe en output port or a bit 
port, thia bit is slwaye forced to 0. IRF is a 
read-only bit; writea to it are ignored. 


Pattern Match Fleg--PHF (D,)). The PM ie a statue 
bit set to 1 when a pattern match is detected. If 
the port is a bit port, PM is not latched. I[t 
reflects the atate of the pattern match logic just 
before it ie read. For the 79036, it is updated 
each AS. For the 20536, it is updated every sec- 
ond PCLK cycie while the CIO ie in State 0 (See 
Section 2.3). for ports with handshake, the state 
of the PHF is updated sach time a byte of data is 
moved into the Input Data register or out of the 
Gutput Data register. If the port pattern match 
logic is not anabled (PMS; = PMSg = 0), the PM in 
forced to 0. This is a read-only bit. Writes to 
it are ignored. 


Interrupt on Error--10E (Dg). While 106 is 
cleared to 0, error conditions in bit ports using 
pattern-recognition logic (a second match before a 
previous match is acknowledged) are ignored. How- 
ever, if IO€ is 1, such errors will cause IP to be 
set and will halt normal operation of the port un- 
til the error condition is dealt with. Thies bit 
hes no meaning for porte with handshake and must 
be cleared to 0. 


2.6 BIT PATH DEFINITION REGISTERS 


The Bit Path Definition registers are used to 
specify the detaile of each bit peth of each 
port. They define: 


e whether a bit path is inverting or non-invert- 
ing 

e if an output is normal or open-drain 
if a bit port input has e 1's catcher inserted 
in ite path 

® which direction the date is flowing for each 
bit of a bit port 


fech port has a set of these registers. The Four 
most-significant bits of each register do not 
exist in the registers msociated with Port C 
(writes are ignored, reads return 1s). 


2.6.1 Osta Path Polerity Registers 
The Dsta Path Polarity registers each define 


whether the bite in its port are invert ing or non- 
invert ing on 6 bit-by-bit basis. 
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Addressest 100010 Port A 
101010 Port B 
000101 Port C 
(4 LSBs only) 
(Read/Mrite) 


CICIENCACAGIENES 
an seater DATA PATH POLARITY (DPF) 


Os NONANVERTING 
Te INVERTING 


Figure 2-7. Oete Path Polarity Registers 


A 0 in « particular bit position of this register 
specifies the corresponding bit path of the port 
as non-inverting (that is, a High level at the 
port pin ia 1). If a bit in this register is 
written with 1, the date path in programmed 
inverting (that is, a Low level at the pin is 1). 
A reset cleera sli bite to 0 (the port is non- 
inverting). The bite are read/write. 


2.6.2 Oate Direction Registers 


Each of the Date Direction registers define the 
direction of date flow for the individual bits of 
ite port if configured as a bit port. The state 
of this register is ignored for ports with hand- 
shake. 


Addresses: 100011 Port A 
101011 Port B 
000110 Port C 
(4 LS88 only) 
(Read/Write) 


ICAI 
vee 2 DATA DIRECTION (00) 


O= OUTPUT BIT 
TR INPUT BIT 


Figure 2-8. Dets Direction Registers 


A 0 in a bit position of this regiater specifies 
the corresponding bit of the port sa an output 
bit, while a 1 specifies it as an input. The 
value programmed in this register for Porta A and 
B is overridden if Lhe port ia one with handshake. 


An input bit specification is overridden for bits 
in Port C used aa outputs for handshake signale or 
a REQUESI/WATT Line. Bits used a handshake 
inputs must be specified as inputs. 


A reset forces all bite in these registers to 0. 
All bits are read/write. 


2.6.3 Special 1/0 Contral Registers 


Each of the Special I/0 Control regiaters ia a 
dual-function regiater which specifies special 
characteristica about ite port‘a data path, Its 
exact function depends on the direction of data 
flow defined for the path. 


Addresses: 100100 Port A 
101100 Port B 
00171 Port C 
(4 LSBs only) 
(Read rite) 


(e,]».[o. fo.[o. [o,]>. [>] 
is SPECIAL INPUTIOUTPUT (B10) 


‘O= NORMAL INPUT OR OUTPUT 
1 OUTPUT WITH OPEN ORAIN OR 
INPUT WITH 1's CATCHER 


Figure 2-9. Special 1/0 Cortrol Registers 


If a bit is an input bit, a 1 in this register's 
corresponding bit position invokes a 1's catcher. 
A i's catcher functiona by automat ically latching 
a 1 4f its input goes to 1, It is cleared only by 
writing a 0 to the Input Data register. A 1's 
catcher is inserted into the input path after the 
bit's invert /non-invert logic. If the bit is 
programmed 0, it ia a normal input bit. The 1's 
catcher is avaiteble only for input bit port bits. 


If a bit is an outpat bit, @ O in the correapond- 
ing bit position of this register specifies the 
output aa a normal output with both a pull-up 
and @ pull-down transistor. A 1 in thia register 
defines the output as open-drain; no pull-up tren- 
siator ia provided. The value programmed in this 
register applies to al! output modes, indeperndert 
of utilization. 


A reset forces ell bita to 0. All bits are read/ 
write. 


A4 Ob 


2.7 PATTERN DEFINITION REGISTERS 


These regiatera collectively specify the match 
pattern for the port. As the registers must be 
taken together to define the pattern, they are 
described differently than the previous registere. 


Addresses: 100101 Port A 
101101 Port B 
(Read/Write) 


Figure 2-10. Psttern Polarity Registers 


Addresses: 100110 Port A 
101116 Port B 
(Read/Write) 


Figure 2-11. Pattern Transition Registers 


Addresses: 100111 Port A 
. 101111 Port B 
(Read/trite) 


Figure 2-12. Pettern Mesk Registore 


A reset forces all of these registera to 0. All 
are read/write. : 


The pattern specification for each bit is defined 


as shown in Teble 2-8. 


The pettern specified by the Pattern Definition 
registers je a logical (not a physical) specifica- 
tion--this concept is important in understanding 
the interaction between the pattern match logic 
and the invert/non-invert logic. An example which 
ahows the logical (as opposed to physical) nature 
of the specification is: a High level (Vee) on 
an input pin programmed as invert ing matches a 0 
specification, Similarly, an output written with 
8 1 mastches a 1 specification even if it is pro- 
grammed inverting and the output pin in at a Low 
voltage level. 


Tf the port is programmed a a port with hand- 
shake, or if the pattern match mode ie OR-Priority 
Encoded Vector, the transition detect ion pat terre 
should not be specified (PIn should be set to 0). 
If the AND mode is specified, na more than one bit 
should be apecified to detect transit iona. 


2.8 PORT DATA REGISTERS 


Ports A end B each have a data path that is com- 
posed of three registers: an Input Data register, 
an Output Data register, and a Buffer register 
(See Figure 1-2). Output data written to the deta 
register is stored in the Output Oatea register. 
Reading the data regiater returns the contents of 
the Input Data register. The Guffer register ia 
used ta buffer the input end output data if the 
port is configured as a port with handshake. If 
80 enabled, it is used by the bit port to latch 
data when a pattern match is detected. 


Addresses: 001101 Port A 
001110 Port B 
(Read/Write) 


Figure 2-13. Port A and B Date Registers 


Teble 2-8. Pattern Specification Definition 


Pat tern Pattorn Pattern 

Mask Transit ion Polarity Pattern 
Register,, Reagiater,, Register, Specificat ion 

0 (t) 0 Bit Masked Off (X) 

) 1 t) Any Transition (%) 

1 0 0 Tero (0) 

1 6G 1 One (1) 

1 i it) One to Zero Transition (% ) 

1 1 1 Zero to One Transition ( f) 
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The individual bite of the port data registers map 
‘directly onlo the port 1/0 pins (bit 0 of the Port 
A Data register corresponds to the Pag pin, etc.). 


The Port. C Data register consists of two regis- 
ters: an Input Data register and an Output Dete 
register (see Figure 1-3). Output data written to 
the dats register is stored in the Output Dete 
register. Reading the date register returns the 
contents of the Input Data register, Because Port 
C is only four bits wide, the four least-signifi- 
cant bits of ean O-bit register are used for the 
Port C Dats register. The four most-significant 
bite are used ss a write protect mask for the four 
least-significant bits (bit D7 is the write pro- 
tect mask for bit Ds, etc.), s8 show in Figure 
2-14. Writing a 0 to the write protect mask bit 
enables writing to the corresponding bit in Port 
C. Writing a 1 inhibits writing the corresponding 
bit in Port C. Reading Port C always returns i's 
in the upper four bits. 


Address: 001117 
(Read/Write) 


{orf 5.0 [.[8.]o[> [oo] 


fs 


4MBBe 
Be WAHIING OF CORRESFONOING (88 ENABLED 
= Waitnea OF CORRESPONDING LAE MIRITEO. 
intan keaNE 1) 


Figure 2-14. Port C Dets Register 


Details of the operation of these registers in the 
various configurations are given in Chapter 3. 


The data registers in the 78536 can also be 
directly accessed by pin Ag and pin A, (see 


Table 2-2), 
NOTE 


A reset does not effect the contents of 
the data registers. 


2.9 COUNTER/TIMER CONTROL REGISTERS 


Each counter/timer has a set of Counter/Timer 
Control registers, which perform several funct ions 
for the counter/timers: 


specify the mode of operat ion 

monitor the status 

provide control 

allow access to the down-counter so that it can 
be preset and read 


2.9.1 Counter/limer Mode Specification Registers 


Each Counter/Timer Mode Specification register 
contains the bits that define its counter/timer’s 
mode of operation and specify the external control 
and status lines to provide for it. 
forces ail bits to 0. 


A reset 
All bits are read/write. 


Addresses: 011100 Counter/Timer 1 
. 011101 Counter/Timer 2 
011110 Counter/Timer 3 
(Read/Write) 
Tee 
contmuous 2 | > Ee aoe OUTY CYCLE 
GLE CYCLE (CrSC) SELECTS (pcs) 
exr pest peso 
aseuon zl 2} BSG otto 
: SQUARE-WAVE OUTPUT 
Duneneo t 1 DOMOT SPECIFY 
ponent —* AETRIGGER ENABLE BIT (RE) 
EXTERNAL OATE ENABLE (EOE) 
Figure 2-15. Counter/limer Mode 


Specification Registers 


Cont inuoue/Single Cycle--€/SE (D7). If C/ST is 
set to 1, then’each time the down-counter reaches 
the count of 1, the time constant value is 
reloaded (on ihe next count} end the countdown 
sequence is repeated. If C/SC is 0 when the count 
of 1 is encountered (and, for square-wave out puts, 
if the output is a 1), the counter is allowed to 


count down to 0 and the countdown sequence is 
terminated. 


Ol old 


External Output Eneble--£0E (0g). 8y programming 
this bit ta be 1, the output of the counter/t imer 
is provided on the 1/0 line of the port associated 
with that particular counter/timer (see Table 
4-1). This bit should not be set to 1 unleas the 
correaponding bit is available, (it is not being 
used as part of an input, output, or bidirect ional 
port, or it is not being used as a handshake or 
REQUESI/WATT line). The bit must be programmed to 
be an output bit in the Date Direction register of 
its port. 


External Count Eneble--EfE (Ds). When ECE is set 
to 1, the counter/timer is put into the counter 
mode. The I/O line of the port associated with 
the counter/timer (fable 4-1) is used as an exter- 
nal counter input. On each rising edge of the 
count input (when the data path ie specified non- 
inverting), the down-counter is decremerted. The 
bit must be evailable and it must be specified to 
be an input. (Even if the port bit is programmed 
as an output bit, the port pin [if enabled] is 
used as the counter/timer input, allowing the CPU 
to write this input directly.) 


Externel Trigger Eneble—E1E (0g). When ETE is 
set to 1, the 1/0 line of the port associsted with 
the counter/timer (see Table 4-1) is used = a 
trigger input to the counter/timer. A rising edge 
(when the data path is specified non-invert ing) on 
this line will cause the down-counter to te 
loaded. To guarantee that the counter/timer will 
be triggered on a particular rising edge of the 
clocking signal (PCLK/2 or counter input), the 
trigger rising edge met satisfy a setup time to 
the preceding falling edge of the clocking 
signal. As in the external count input, the bit 
of the port must be available for use by the 
counter/timer, and muat be programmed as an input 
bit. (Even if the port bit is programmed se an 
output bit, the port pin ia used as the counter/ 
timer input [if enebled], allowing the CPU to 
write this input directly.) 


External Gate Eneble--EGE (Dy). By setting EGE 
to 1, the 1/0 line of the port associated with the 
counter/timer (see Table 4-1) is used a8 an exter- 


nal gate input to the counter/timer. If the 
external gate input ie a 0 (assuming the data path 
is programmed non-inverting), the countdown 
sequence is suspended; forcing it to a 1 enables 
the countdown sequence to continue. Yo guarantee 
the enabling or disabling of the counter/timer for 
a particular rising edge of the clocking signal 
(PCLK/2 or counter input), the gate input mat 
getisfy a setup time to the preceeding falling 
edge of the clocking signal. Like external trig- 
ger input, the bit must be available and it must 
be programmed to be sn input. (Even if the port 
bit is programmed as an output bit, the port pin 
is used as the counter/timer input if enabled. 
This allows the CPU to write this input directly.) 


Retrigger Enable Bit--REB (D)). If REB is set to 
0, triggere (internal or external) which occur 
during a countdown sequence are ignored. If REB 
ja 1, each trigger causes the time constant value 
to be reloaded and e new countdown sequence to be 
initisted. When # counter/timer is programmed in 
squere-wave mode, a retrigger will cause the Time 
Constant value to be reloaded and the new count- 
down will start on the first half of the 
square-wave cycle. 


Output Duty Cycle Selecte--0(S, & DCSg (Dy & Dy). 
These two bite select the output duty cycle 
according to the information indicated in Table 
2-9, 


Table 2-9. Gutput Duty Cycle Selects 
OCS, DCS Output Duty Cycle 
0 0 Pulse Output 
Q 1 Qne-Shot Output 
1 0 Square Wave Output 
1 1 - 00 NOT USE - 


(See Section 4.2.5 for a description of each 
output duty cycle type.) 


Addresses: 001010 Countec/Timer 1 

001011 Counter/Timer 2 

001100 Counter/Timer 3 
(Read/Partial Write) 


INTERRUPT UNDER SEAVICE (118) 


INTERAUPT ENABLE (8) 


if 


INTERRUPT PENDING (iP) 


(US, IE, AND IP ARE WAITTEW USING 
THE FOLLOWING CODE: 


NULL CODE 
CLEAR IP & US 
set wus 

CLEAR US, 
sete 

CLEAR IP 

SET IE 

CLEAR IE 


INTERAUPT ERAOR (EAR) —- 
{READ ONLY) 


L COUNT IN PROGRESS (CIP) 
(READ ONLY) 
TRIQDER COMMAND BIT (TCH) 
(WRITE ONLY. READ RETURNS O) 
GATE COMMAND BIT (ACB) 


READ COUNTER CONTROL (ACO 
(READYSET ONLY — 
CLEARED BY AEAOING CCR LSB) 


Figure 2-16. Counter/Tieer Cossand 
and Status Registers 


2.9.2 Comter/Timer Command and Status Registers 


Each Counter/Timer Command and Status register 
contains the primary command and status bits for 
its counter/timer and (in most ceses) will be the 
register most often accessed. A reset forcea all 
bils to 0. Ihe detailed bit descriptions will 
discuss whether or not a bit can be read or writ- 
ten. 


Interrupt Under Service--1US (D7). The operation 
is the same as the port 1US bit. 


This status bit is automatically set to 1 if its 
corresponding iP is the highest-priority interrupt 
Fequest pending when an Interrupt Acknowledge 
Sequence takes place. It can also be set directly 
by CPU command. As long aa it is set, the same 
and lower-priority sources of interrupt are inhib- 
ited from requesting interrupts via the inter- 
nal and external daisy-chains. It can be cleared 
only by CPU command. This bit is read/write. It 
ig changed by writing to the Counter/Timer Command 
and Status reqister of the port using the code 
shown in Figure 2-16. 


Intecrupt Enable--I£ (Dg). Ihe operation is the 
same as the port IE bit. . 


This bit enables or disables the cuunter/timer's 
interrupt logic. When If is cleared to 0, the 
counter/timer ie unable toa request an interrupt or 
fo respond to an Interrupt Acknowledge. It does 
hot affect the normal operation of [P or TUS, but 
simply masks IP off from the rest of the device. 


A 14 in WS still affects the interrupt 
daisy-chain, If I€ is programmed to be 1, the 
interrupt logic operates normally. This bit is 
read/write. It is changed by writing to the 
Counter/Timer Command and Stetus register of the 
port using the code shown in Figure 2-16, 


Interrupt Pending--IP (D5). The operation is sim- 
dlar to the port IP bit. 


IP ie a status bit which, when set to 1, indicates 
that the counter/timer requires servicing. It is 
sutomat ically set to 1 each time the counter/t imer 
reaches its terminal count (or by the CPU com- 
mand). If IE ie also 1 and no higher-priority 
interrupts ere under service, then the INT line is 
pulled Low to request an interrupt. This bit is 
read/write. It is changed by writing to the 
Counter/Timer Command end Statue register vaing 
the code shown in Figure 2-16. 


Interrupt Error--ERR (Dg). This status bit is set 
along with IP to indicate thet an error hes oc- 
curred. An error occurs for a counter/t imer when- 
ever terminal count is reached and IP is still set 
fron a previous terminal count. ERR can be 
cleared only by having ‘software clear the IP it 
corresponds to. ERR is a read-only bit. 


Read Counter Control--RCC (D3). RCC is a command 
bit that enables the counter/timer to be read 
reliably while it is in @ countdown sequence. 
Writing a 1 to RCE ceuses the contents of the 
Counter/timer Current Count register (CER), which 
norma) ly follows the down-counter, to be frozen 
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until the least-significant byte of the CCR is 
read. Reading the RCC bit indicates when the CCR 
is frozen. RCC can only be set directly and 
cannot be set unless the Counter/Timer is enabled 
in the Master Configuration Control register 
(cnié, CI2E, or CI3€). RCC can be cleared 
automatically by reading the least~significant. 
byte of the CCR or by disabling the counter/timer 
vis the corresponding enable bit. 


Gete Command Bit--GCB (D2). GCB is a command bit. 
that. can be used to halt a countdown sequence. By 
writing GCA with 3a 0, the countdown sequence is 
halted. Returning GCB to 1 allows the sequence to 
resume where it left off. The state of the GCB 
bit does not affect the operation of the trigger 
inputs, GCB is a reed/write bit. 


Trigger Command Bit--1CB (04). Writing a 1 to the 
TCB triggers the counter/timer. It causes the 
down-counter to be loaded with the time constant 
value end a countdown sequence to be initiated. 
It can also retriqger the counter/timer if the 
Retrigger Enable bit (REA) is set to 1. ICB is a 
write-only bit. When read, it always returns 0. 
In this way, erroneous trigger comands sre not 
iasued when bit set or clear operationa are per- 
formed on the other bits in this register. 


Count In Progrese--CIP (Og). CIP ia a status bit 
that indicates if a countdown sequence is in pro- 
gress. It is sutomeatically set to 1 when the 
counter/timer is triggered and the down-counter is 
loaded with the time constant value. It ia auto- 
matically reset to 0 when the down-counter reaches 
a count of 0. The state of the gate inputs 
(internal and external) has no effect on this 
bit. CIP is read-only. 


2.9.3 Counter/Tieor Time Constant Registera 


Each of the Time Constant registers is 16-bits and 
holds the value .loaded into the down-counter of 
its counter/timer when 8 trigger is detected. it 
ia acessed by the CPU es two consecutive 8-bit 
registers (bit 7 of the most-significart byte is 
bit 15 of the Time Constant register). These req- 
isters can be read and written at any time. 
However, care must be taken when writing them so 
that a trigger does not occur while the time 


constant value is changing, A reset dues not 
effect the lime Constant register. 


Addresses: 010110 Counter/Timer 1'a MSB 
010111 Counter/Timer 1's LSB 
011000 Counter/Timer 2'a MS8 
011001 Counter/Timer 2'a LSB 
011010 Counter/Timer 3's MS 
011011 Counter/Timer 3'a LSB 
(Read Write) 


t | wit . 


moat 
SIGNIFICANT 
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LEAST 
SIONIFICANT 
avre 


Figure 2-17. Counter/Timer Time 
Constant Registers 


2.9.4 Counter/Tiser Current Count Registers 


Each of the Counter/Timer Current Count registers 
(CCR) is a 16-bit register used to read the 
conterts of its counter/timer down-counter. The 
CCR follows the down-counter until the RCC bit in 
the Counter/Timer Command and Status register ia 
written with @ 1, The value present when the 
write occurs is held until the least-significant 
byte is read. Then, the CCR follows the down- 
counter again. The countdown sequence is not 
effected. The CCR is accessed as two consecutive 
B-bit registers (bit 7 of the most -significant 
byte is bit 15 of the Time Constant register). 
They can be read at anytime, whether or not the 


Addresses: 010000 Counter/Timer 1's MSB 
010001 Counter/Timer 1's LSB 
010010 Counter/Timer 2'a MSB 
010011 Counter/Timer 2's LSB 
010100 Counter/Timer 3's MSB 
010101 Counter/Timer 3's LSB 
(Read Only) 


eI ®]%] [e[°] 0, [0] 0, [0.] 0 [0.[0,]0, cacy | 
_] EaroeN Least 


most 
SIGNIFICANT SIGNIFICE™. 
BYTE arre 


Figure 2-18. Counter/Timer Current Count 
Registers 


i 


2014 014 


2-15 


value is frozen. Writes to the COR are ignored. 
A reset forces the CCR to Follow the down-counter 
(neither are forced to a specific value). 


2.10 INTERRUPT RELATED REGISTERS 


These registers contain the interrupt vectors out— 
put during Interrupt Acknowledge sequences. Three 
vector registers sre provided: one for Port A, 
one for Port B, and one shared by the three 
caunter/t imers. Another register is provided, 
which facilitates using this device in a polled 
environment. 


2.10.1 interrupt Vector Registers 


Each of the Interrupt Vector registers holde the 
interrupt vector returned when the source of 
interrupt associated with ite port is acknow- 
ledged. The interrupt vector value is user- 
defined by writing the desired 8-bit ident ifica- 
tion code to this register when initializing the 
C10. A modified version of the value written to 
the Interrupt Vector register can be returned if 
the vector is programed to include status, This 
does not affect the value written to the Interrupt 
Vector register. 


Addresses: OOO0010 Part A 
000011 Part B 

000100 Counter/Timers 
(Read/Write) 


(>, [o.[e]°.[os[o,[e]%] 
[ins ae INTERRUPT VECTOR 


Figure 2-19. Interrupt Yector Register 


The Interrupt Vector register is a read/write reg- 
ister. When read, the value returned slways 


includes the status if MIE = 1 (whether or not the 
associated Vector Includes Statue bit is 1). IF 
MIE = O, the unmodified vector is returned inde- 
pendent of the state of the VIS bit. A reset does 
not affect the Interrupt Vector register. Ihe 
status bit- outputs are a3 shown in Table 2-10. 


Table 2-10. Interrupt Vector Register 
Statue Bits 


Port Vector Status 


OR-Priority Encoded Vector Mode: 


Dy 02 Oy 

x x x Number of highest- 
priority bit with 
@ match 

ALL Other Modes: 

Dy 02 dy 

ORE IRF PHF Normal 

G 0 0 Error 


Counter/Timer Status 


02 

a 0 Counter/Timer 3 
G 1 Counter/Timer 2 
1 0 Counter/Timer 1 
1 1 frror® 


*Thte error stetus indicates thet the highest- 
priority counter/timer with an interrupt pending 
also hes ite ERR flag set. The CPU must poll the 
Command and Status registers to determine which 
counter/tiwer has its ERR flag set. 


ANL4 O15. 


2.10.2 Current Vector Register 


When the Current Vector register is reed, it 
returns the interrupt vector that would have been 
output by the device during an Interrupt Acknow- 
ledge cycle if ite IEE input had been High. The 
vector returned corresponds to the highest prior- 
ity IP independent of the IUS. he order of 
priority (highest to lowest) is: Counter/Timer 3, 
Port A, Counter/Timer 2, Port 8, Counter/Timer 1, 
If no enabled interrupts are pending, a pattern of 
all 1s ia output. thie is useful in a polled 
environmert or when CPU dose not read vectors. 
This register is a read-only register. Since a 


reset dissbles all interrupts, reading the Current 
Vector register after a reset will return all 18. 


Address: 011111 
(Read Only) 


EIGEN 
i eae INTERRUPT VECTOR BASED 


ON HIGHEST PRIORITY. 
UNMASKED IP 

(F NO INTERAUPT PENDING 
ALL t's OUTPUT, 


Figure 2-20. Current Vector Register 
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Chapter 3 
1/0 Port Operation 


3.1 OVERVIEW 


There are three 1/0 porta provided by the CIO 
device. Porte A and B ere 8-bit general-purpose 
porta; Port C is 8 4-bit special-purpose port. 
There are two port configurationa: bit port end 
port with handshake, All three ports cen be pro- 
grammed a3 bit ports; only Ports A and 8 can func- 
tion ag handshake ports. 


In general, bit ports sre used to provide status 
input lines and control output linee. When the 
1/0 ports are configured as bit ports, data can be 
moved in either direction on an individual, 
pin-by-pin basis. There are up to twenty pine 
available for this kind of data handling by the 
three porta. 


By configuring Porta A and B aa ports with hend- 
shake (input, output, or bidirectional), the data 
can be moved in either direction on a byte-by-byte 
(parallel 8-bit or 16-bit) basie. Four different 
handshakes are available: Interlocked, Strobed, 
Pulaed, or 3-Wire. 


Port C ie o 4-bit wide, special-purpose port that 
provides the handshake control lines for Porte A 
and 8, when required. A REQUEST/WATT Line can 
siso be provided to synchronize Port A and B date 
transfera with DMAs or CPUs. Any Port C bits not 


used ag handshake lines can be used ss 1/0 lines. 


Another 1/0 Port function is to provide external 
eccesy for the control of three independert coun- 
ter/timera ond distribution of their outpute. 
Port B provides access for Counter/Timera 1 and 
2. Port C provides access to Counter/Timer 3. 


Pattern-recognition capability ia provided in 
Porta A and 8 In general, it ia posaibjle to test 
data for specified patterne and to generate inter- 
rupt requests based on the match obtained. 


3.2 PATTERN-RECOGNITION LOGIC OPERATION 


Both Ports A and B can be programmed to generate 
interrupta when a aepecific pattern ia recognized 
at’ the port. The pattern-recognition logic isa 
independent of the port application, thereby 
allowing the port to recognize patterns in all of 
ita configurationa. The pattern can be indepen- 
dently specified for each bit as: 1, 0, O-to-1 
traneition, 1-to-0 transition, of any trampition. 
Individual bite can be masked off. Three modes of 
pattern-recognition operat ion are supported: AND, 
OR, and OR-Priority Encoded Vector (OR-PEV). A 
pattern match is defined as the simultaneous 
satisfaction of ali nonmasked bit specifications 
in the AND mode or the satisfaction of any non- 
maaked bit specifications in either the OR or 
OR-PEV modes. 


The pattern specified in the Pattern Definition 
tegieter assumes that the date path is programmed 
to be non-inverting. If an input bit in the data 
path ie programed to be inverting, the pattern 
detected ie the opposite of the one specified. 
Output bite used in the pattern match logic ere 
internally sampled before the invert /non-invert 
logic, 


The operation of the pattern-recagnit lon logic in 
the various port modes will be deacribed in detail 
in the following sect ions. 


3.3 BIT PORT OPERATION 


Bit ports are used to provide the CPU with input 
Lines to monitor statue, and with output lines ta 
provide control. There are up. to twenty bite 
available for thie type of data handling provided 
by the three porta of the C10: eight each by 
Ports A and B and four by Port C. 


Writing the data reqister of a bit. port updates 
the value being output by all output bits in the 
port. Reading the data register of the bit port 
returns the state of all bits, outputs ag well as 
input s. 


3.3.9 Bit Port Simple Operation 


The port's Data Direction register specifies the 
direction of deta flow for each bit of a bit 
port. A 1 specifies an input bit; 9 O specifies 
an output bit. 


The Data Path Polarity register provides the capa- 
bility of inverting the data path. A 1 specifies 
inverting, snd a O specifies non-inverting. All 
discussiona of the port operations assume that the 
path is programmed non-invert ing. 


The value returned when reading an input bit re- 
flects the state of the input just prior te the 
vtesd. A t's catcher can be inserted into the 
input data path by programming a 1 to the corre- 
sponding bit pusition of the port's Special 1/0 
Control register. When a 1 is detected at the I's 
catcher input, its vutput is automatically set to 
1 until it) is. cleared by software. The 1’s 
catcher is cleared by writing 9 9 to the corre- 
sponding bit in the data register. In alli other 
cases, attempted writes to input bits are 
ignored. The 1's catcher is level-sensitive. If 
the input is still e 1 when it is cleared, the 
output will again be set to a 1. Also, the input 
to the 1's catcher follows the invert /non-invert 
logic. If the bit is progremmed inverting, a low 
voltage level at the pin will cause the i's 
catcher oulput to go to a 1. 


When Ports A and B include output bits, reading 
the data register returns the value being output. 
Reads of Port C return the state of the pins. 
Outputs can be specified as open-drain by writing 
a 1 to the corresponding bit of the port's Special 
1/0 Control register. Port C has the additional 
feature of bit-addressable writes. When writing 
to Port C, the four most-significant bits ere used 
a a write protect mask for the least-significant 
bits (0-4, 1-5, 2-6, and 3-7), With this feature, 
any combination of bits can be set of cleared 
(while other bits remain undisturbed), without 
first reading the register. 


3.3.2 Bit Port Pattern-Recognition Operet ion 


Ports A and ® contain pattern-recognition logic, 
which enables Lhe purt to detect a user-specified 


pattern and to generate an interrupt request when 
the pattern is detected. Pattern-recognition may 
be perfurmed on all bits, including those used as 
1/0 for the counter/timers. For input bits, the 
input’ to the pattern-recognition logic reflects 
the value on the pins (through the invert/non- 
invert logic) in all cases except for inputs with 
1's catchers. In this case, the output of the 1's 
catcher is used. for output bits, this is the 
value being output before the invert/non-invert 
logic is used. -When operating in the AND or OR 
mode, the transition from a no-match to a match 
state causes the interrupt. In the OR mode, if a 
second match occurs before the first match goes 
away, it does not cause a second interrupt. Bit 
porta specified in the OR-PEY mode generate 
interrupts ss long a a match stete exists. A 
transition from a no-~match to a match state is not 
required. Since g match condition only lasts a 
short time when transition petterns are specified, 
care must be taken--no more than one bit should be 
programmed with a transition match specification 
in a port operating in the AND mode. 


The pattern-recognition logic of bit ports oper~ 
sates in two basic modes: Transparent and 
Latched. When the Latch on Pattern Match (LPM) 
bit is set to 0 (Transparent mode), the interrupt 
indicates thet a specified pattern has occurred, 
but a read of the data register does not necessar- 
ily indicate the state of the port st the time the 
interrupl was generated. In the Latched mode (LPM 
= 1), the state of all the port inputs st the time 
the match was detected is Istched in the Buffer 
register and held until IP is cleared. In all 
cases, the Pattern Match Fleg (PHF) in the port's 
Command and Status register indicates the state of 
the port at the time the PMF is read. Only Trans- 
parert mode (LPM = 0) is supported when OR-PEY is 
specified. In all modes, the port's IP bit is est 
end an interrupt generated (if enabled) when the 
pattern match is detected. the IP can only be 
cleared by a command to the Port Command and 
Status register. 


If a second match occurs while IP is already set, 
an error condition exists. If the Interrupt On 
Error bit (I10E) is 0, the match is ignored. 
However, if I0E is 1 after the firat IP is 
cleared, the IP is automatically set to 1 along 
with the Interrupt Error (ERR) flag. Matches 
occurring while ERR is set sre ignored. ERR is 
sutomat ically cleared when the corresponding IP is 
cleared by software. 


When a pattern-match is present in the OR-Priority 
Encoded Vector mode, IP is set to 1. fhe IP can- 
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not be cleared until @ match is no longer present. 
If the interrupt vector is allowed to include 
stetus, the vector returned during Interrupt 
Acknowledge indicates the highest-priority bit 
matching its specification at the time of the 
Acknowledge cycle. Bit 7 ie the highest-priority 
bit and bit G is the lowest-priority bit. The bit 
initially causing the interrupt may not be the one 
indicated by the vector if a higher-priority bit 
matches before the Acknowledge. Once the Inter- 
rupt Acknowledge cycle is initiated, the vector is 
frozen until the corresponding Interrupt Under 
Service (1US) is cleared. If an input thet causes 
interrupts changes before the interrupt ia ser- 
viced, the 1's catcher can be used te hold the 
value. Bits should not be specified with trenai- 
tion detection, because the match will no longer 
be valid at the time of the Interrupt Acknowl- 
edge. If no match is present st the time of the 
Acknowledge, the vector will indicete the lowest- 
priority bit (Bit 0). 


Because a no-match-to-match trensition is not 
required, the source of the interrupt must be 
cleared before IP is cleared or else a second 
interrupt is generated. No programmer error 
detection is performed in this mode and the Inter- 
rupt on Error bit should be 0. 


One application of the OR-PEV pattern match mode 
ie to use the C10 as Programmable Interrupt Con- 
troller (PIC). [hie fecilitates using non-Z-BUS 
peripherals with a Z-BUS CPU. (See Chapter 5 for 
further discussion.) 


3.4 HANDSHAKE PORT OPERATION 


Ports A and 8 can be specified as 8-bit input, 
output, or bidirectional porta with handshake. 
The CIO provides four different handshekes for its 
ports: Interlocked, Strobed, Pulsed, and 3-Wire. 
When specified as a port with handshake, the 
transfer of date into or out of the port and 
interrupt generstion ie under the control of the 
handshake logic. Port C provides the handshake 
lines, a8 shown in Teble 3-1. 


When Ports A and B sre configured ea porte with 
handshake, they are single- or double-buf fered 
eccording to the setting of the Single Buffered 
Mode (SB) bit of their respective Port Mode Speci- 
fication registers. 


The double-buf fered mode (SB = 0) sllows for more 


relaxed interrupt service routine response time. 
A second byte can be input to or output from the 


port before the interrupt for the first byte is 
serviced. The Single-Buffered mode (SB = 1) is 
useful if the handshake line muat be stopped on a 
byte-by-byte basis. 


Normally, the Interrupt Pending (IP) bit is set 
and an interrupt is generated when data is moved 
into the Input Deta register (input port) or out 
of the Output Dete register (output port). For 
input and output ports, the IP is normally cleared 
eutomat ically when the date is read or written. 
In bidirectional ports, IP is cleared only by 
software command to the port Command and Status 
register. When the Interrupt on Two Bytes (118) 
control bit is set to 1, interrupts sre generated 
only when two bytes of data are available to be 
read or written. This allow 16 bits (two bytes) 
of information to be transferred on each 
interrupt. With ITB set, the IP ie mot 
automatically cleared until the second byte of 
deta is read or written. 


Pattern recognition logic is also available for 
use with the port with handshake. Each time oa 
byte is moved into the Input Data register or out 
of the Output Deta register, the pattern match 
flag indicates whether a match has occurred. 


Ports A and B can be linked to form a 16-bit port 
by programming a 1 in the Port Link Control (PLC) 
bit of the Master Configuration Control register. 
In this mode, only the Port A Handshake Specifice-~ 
tion end Command and Status registers are used, 
and Port 68 must be specified as a bit port. When 
linked, only Part A hes pattern match capability. 
Port B's pattern match capability must be dis- 
ebled. Also, when the ports are linked, the Port 
8 Dats register must be read or written before the 
Port A Data register. 


When a port is specified es a port with handshake, 
its mode (input, output, or bidirect ional) deter- 
mines the direct ion of data flow. The data direc- 
tion for the bidirectional port is determined by a 
bit in Port C (See Table 3-1). In all cases, the 
contertea of the port's Data Direct ion register are 
ignored. The contents of the Special 1/0 Control 
register apply only to output bits (normal or 
open-drain). Input porta with handshake do not 
have 1's catchers; therefore, those bits in the 
Special 1/0 Control register ere ignored. Port C 
lines used for handsheke can all be programmed as 
inpute because the handshake specification over- 
rides the Port C Date Direction register for bite 
thet must be outputa. All other Port C opt ions 
ate aveileble (polarity, 1's catcher, open-drain 
outputs, etc.). 


Table 3-1. Port C Pin Milizet ion 


Port A/8 Configuration Pin Cy 


Bit 1/0 Bit 1/0 pit 1/0 Bit 1/0 


RFD of DAV | Al REQUEST/WATT] Bit 1/0 
or Bit 1/0 
oAV 


Ports A & B = Bit Ports 


Port A = Input or Output 
port (Interlocked, Strobed, 
or Pulsed Handshake )* 


Port 8 = Input or Dutput 
pert (Interlocked, Strobed, 
or Pulsed Handshake)* 


Port A or B = Input port 
(3-Wire Handshake) 


Port A or B = Output port. 
(3-Wire Handshake) 


Port A or B = Bidirect ional 
port (Interlocked or Strobed 
Handshake) 


REQUEST /WATT 
or Bit 1/0 


RFD (Out put ) 


a 
rN 
AV ( 
-“ 


KIN 
Bit 1/0 RFD or DAV | ACKIN 
V (Input )| REQUEST/WAIT! DAC (Output ) 
or Bit 1/0 
DAC (Input) | REQUEST/WATT}| RFD (Input ) 
or Bit 1/0 
CKIN 


Port C Bits 


Pin C2 Pin Cy Pin Cg 


REQUEST/WATT 
or Bit 1/0 


in/0T 


* Both Ports A & B can be specified input or output with Interlocked, Strobed, or 
Pulaed Handshake al the same time if neither uses REQUEST/WAIT. However, only 
one port can use the Pulsed Handshake at o time. 


3.4.1 Four Handshake Modes 


There are four handshake modes: Interlocked, 
Strobed, Pulsed, and 3-Wire. 


3.4.1.1 Inteclocked Handshake 


In the Interlocked Handshake mode, the action of 
the CIO must be acknowledged by the external 
device before the next action can take place. An 
output port does not indicate that new data is 
available until the external device indicates it 
is ready for the data, Similarly, an input port 
doea not indicate that it ig ready for new data 
until the deta source indicates that the previous 
byte of data is no longer available, thereby 
acknowledging the input) port's acceptance of the 
last) byte. This handshake allows the ClO to 
interface directly to the port of a 728 microcom- 
putec, a UPC, an FIO, an FIFO, or ta another CLO 
port, ete., with no external loqic. 


3.4.1.2 Strobed Handshake 


In the Strobed Handshake mode, data is “strobed" 
into or out of the port by the external logic. 
The falling edge of the Acknowledge Input (ATKIN) 
strobea dete into or out of the port. In contrast 
to the Interlocked Handshake, the signal indicat- 
ing that the port is ready for another data trans- 
fer operates independently of the ACRKIN input. 
The external logic must ensure that deta dues not 
transfer at too fast or too slow a rate, 


3.4.1.3 Puleed Handshake 


The Pulsed Handshake mode is designed to interface 
to mechanical-type devices which require data to 
be held for long periods of time and need rela- 
tively wide pulses to qate the data into or out of 
the device, Whe togie is the sam: ay the Inter- 
locked Handshake mode, except that an internal 
counter/timer (Counter/limer 3) is linked fo the 


a 


handshake logic. If the port is specified in the 
input mode, the timer is inserted in the ACKIN 
path, The external ACKIN input triggers the 
timer, and its output (an internal delayed ACKIN) 
is used as the Interlock Handshake's normal 
Acknowledge input. If the port is an output port, 
the timer is placed in the Data Available (DAV) 
output path, The timer is triggered when the nor- 
mal Interlocked Handshake DAV output goes Low and 
the timer output is used aa the actual BAY out- 
put. The counter/timer maintains all of its nor- 
mal capabilities, This handshake is not available 
to bidirect ional ports. 


3.4.1.4 3-Wire Handshake 


The 3-Wire Handshake mode ia designed for situa- 
tions in which one output port is communicating 
with many input ports simultaneously. Tt is 
easentially the same as the Interlocked Handshake, 
except that two signals are used to indicate if an 
input port is ready for mew data or if it has 
accepted the present date. In the 3-Wire Hand- 
saheke, the rising edge of one status Jine indi- 
cates that the port is ready for date (RFD), and 
the rising edge of another status line indicates 
that the data has been accepted (DAC). With the 
3-Wire Handshake, the output lines on many input 
ports can be bused together (wire-AND) with open~ 
drain drivers; the outpul. port knows when all the 
ports have accepted the data and are ready, This 
is the same handshake used on the IEEE-486 bus. 
Because this handshake requires three lines, only 
one port (either A or B) can be a 3-Wire Handshake 
port at a time, The 3-Wire Handshake is not 
available in the bidirectional mode. However, 
because the direction of the port can be changed 
under software control, bidirectional IEEE-488- 
type transfers can be performed, 


3.4.2 Input Port With Handshake 


An input port handles data movement from the 
CIO port pins to the CPU. This allows 8-bit data 
(or 16-bit if the Ports A and & are linked) to be 
read from external devices, (See Figure 3-1.) 


Only one of the three fit Path Definition regis- 
ters affects input port operations: the data path 
is modified as specified by Ihe Data Path Polarity 
reqister (Section 2.5.1). Bolh the Data Direction 
and Special 1/0 registers are ignored, 


Since the port mode of operation is independent of 
the handshakes, the port operation modeg will be 


examined first, independent of the handshake 
types. This will then be followed by an exemins- 
tion of the four handshake types (Interlocked, 


‘Strobed, Pulaed, and 3-Wire) in the input port 


context. 


3.4.2.1 Basic Modes of Operation 


There are three independent modes of operation 
that, taken together, characterize a particular 
input port configuration. These modes of opera- 
tion are: 


@ double- or single-buf fered 
e interrupted on one or two bytes 
e pattern match logic used or not. used 


Double-Buffered (SB = 0). 


When the input port is specified a double- 
buffered (SB = 0) in the Port Mode Specification 
register, input data is latched in the Quffer req- 
ister by the handshake logic. The falling edge of 
Acknowledge Input (ATRTN) latches the incoming 
deta and the Ready For Data (RFD) output signal 
goes Low, indicating that the Buffer register is 
full. When the Input Data register ia empty (IRF 
= 0), the data is moved out of the Buffer regis- 
ter (RFD may now go High depending on the part icu- 
lar handshake) and into the Input Data register 
causing it to be "Filled" (IRF = 1}, 


The Interrupt on Two Bytes (ITB) command bit of 
the Port Mode Specification register determines 
when IP is set and when an interrupt request is 
generated. When programmed to interrupt on every 
byte (116 = 0), Interrupt Pending (IP) of the Port 
Command and Status register is set (slong with 
Input. Data register Ful) (IRF) of the Port Command 
and Status register) when the data is shifted into 
the Input Data register. Reading the Port Data 
tegister "empties" the Input Data register and 
automatically clears the IP, hence, IRF = 0 and IP 
= 0. While IP can be cleared (IP = 0) by software 
command (by writing bits D7-Dc of the Port Command 
and Status register), the Input Data reqister is 
not “emptied” (cleared) until the data is read. 


When programmed to interrupt on two bytes (LTR = 
1), IP is not. set until bath the Input Data and 
fluffer registers are full (the Buffer register 
becomes full) white the. Input Data register is 
full). IP is automatically cleared (IP = 0) when 
the second byte of dala is read by the CPU as 


follows: 


INTERNAL, 
aus 


Figure 3-1. 


to be moved into the Input Detse register. 


second read empties the Input Dats register again 


and sutomatically clears the IP (IP = 0). 


NOTE 


When [18 = 1, the Input Data register 
should not be read unless IP = 1 even 
af IRF = 1, Otherwise, the dats may-~ 
at that instent--be read just as a byte 
is being latched in the Buffer register 
and IP is being set. Then an interrupt 
may be generated, but only one byte can 
be read, because the firut byte has al- 
ready been read. 


NOTE 


The IP can be cleared on command. this 
suggests the following possible 
sequence for providing byte-by-byte 
control of the RFD output: reading 
data and then clearing IP. thas al lows 
an interrupt on the next byte that as 
moved intu the Buffer register. 


the first data read empties the Input 
Osts register, allowing the Buffer register data 


Input Port Data Path 


Single-Buffered (SB = 1) 


When the input. port is specified as single- 
buffered (S8 = 1), input date is fatched an the 
Suffer register as in double-buffered mode. How- 
ever, when the data is moved from the Buffer reg- 
ister to the Input Data register, the Buffer reg- 
ister 1s not emptied; consequently, RFD stays 
Low. Reading the Port Date register empties both 
the Input Oeste and Buffer registers. As 1m dou- 
ble-buffered mode, IP is set (IP = t) when the 
date 18 moved into the Input Deta register snd the 
IP is automatically cleared when the data is read. 


NOTE 


ITB = 1 does not make sense in single- 
buffered operation, Thus, when SB = 1, 
I11B must = 0. 


With Pattern Match Added (PHS;, PHS # 0) 


The port's buall-an pattern match logic can be 
used to test the incoming dats as it is moved ante 
or through the Input Data register. The available 
pattern malch modes operate indeperndertly of hand- 
shake type and are specified by Lhe PatLern Mode 
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Specification bite, (PMS, and PMSg). In the input 
port operation, the AND and the OR modes of 
Pattern Match operation are aveileble for use, but 
the OR-PEV is not. This pattern aveilability for 
AND and OR logic is a consequence of the dats 
pattern being tested as the dsta is moved into the 
Input Date register, eliminating sacceas to the 
transition informsetion. Becsuse of this, tran- 
sition patterns cannot be used. 


The Pattern Match Flag (PHF) of the Port Command 
and Stetus register is automatically set to 1 or 
cleared to 0 se the date is moved from the Buffer 
register to the Input Deta register. When a byte 
of date is moved from the Buffer register to the 
Input Data register, IRF ia set to 1, indicating 
that another byte is available to be read. If the 
date matches the apecified pattern, the PM ia eet 
siong with IRF; otherwise, PMF is cleared. If the 
interrupt vector includes stetus, it indicates 
that a match has been detected. Each time dete is 
traneferred to the Input Date register, the PM 
is updated. 


When ITB = 0, IP ie set normally when data is 
moved into the Input Deta register. However, if 
PH = 1, reeding ths Input Dete register doea not 
eutomaticslly clear the IP; the IP can only be 
cleared by writing to the Port Command and Status 
register. Also, reeding the Input Dets register 
does not “empty” its; the Input 


Data regiater can be “empt ied" (and IRF cleared to 
QO) only if it is read and the IP is cleered (in 
eny order). 


When 118 = 1, the pattern match logic can override 
the ITB logic. If the byte moved into the Input 
Data register matches the specified pattern, the 
IP will be set immediately. IP is cleared and the 
Input Date registera are “emptied” in the seme 
manner as when ITB = 0. 


In this mode of operation (ITB = 1 and Pattern 
Match is enabled) cars must be taken, because an 
IP cen mean thet either one or two bytes ere 
available to be reed (depending upon whether the 
match occurred on the firet or second input 
byte). There is slso the possibility that, efter 
a date register read and a clear IP, # second byte 
matches. There are three conditiona which can 
cause an interrupt: 


Condition 1: Two bytes have bean received-- 
nealther match the pattern 


Condition 2: Two bytes heave been received--the 
second byte matchea the pattern 


Condition 3: One byte hes been received--it 


matches the pattern 


Given tha above information, the following set of 
operetions will determine the causs of the 
interrupt and properly process it. 


Poll PMF 


If PMF is set (@ match occurred) 
@ Reed date 

@ Cleer IP 

@ Return 


If PHF is not set 
@ Read date (reeds the firet byte) 


@ Poll PM (to teat the second byte) 


If PMF is set (@ match occured) 


® Read dete 
@ Clear IP 
e Return 


If PM not set 
@ Read data 
@ Return 


The cause is condition 3 


The cause is condition 2 


The cause is condition 1 


3-7 


In summary, then, careful interrupt teating and 
handling is required if ITB = 1 and the pattern 
match logic ia ensbled. 


Interrupt on Match Only (IMO = 1) Specified 


When the Interrupt on Match Only (IMO) bit of the 
Port Mode Specification register ia eet to 1, an 
interrupt will be generated only when the date 
moved into the Input Data register matchea the 
pattern specification. for input porta, the IMO 
capability is especially useful when date tranefer 
ia under the control of en external device (for 
example, a DMA controller), In this way the bulk 
of data transfers can be accomplished without 
interrupts (that is, without involvement of the 
CPU), by having an interrupt generated only when 
the match pattern in encountered. 


NOTE 


1M0 must be 0 if either ITB or SB = 1, 
or if the port is a bit port. 


3.4.2.2 Handshake Types 


The operation of the Port A and B input handshekea 
is explained in this section by describing in 
detail the sequence of operetiona performed by an 
input port programmed with the Interlocked Hand~ 
shake. Any differences encountered when using the 
other handshakes will then be described. Table 
3-1 ident ifies the handshake lines furnished by 
Poct C bits for Ports A end B. 


Interlocked Input Handshake 


As noted in Section 3.3, the Interlocked Input 
Handshake requires the input port to not indicate 
that it is ready for data until the data source 
indicates that the previous byte of data is 

no longer available, thereby acknowledging that 
the input port has accepted the previous byte. 

A primary benefit of Interlocked Handshake port 
configuration is thet it allows the CIO te 
communicate directly with a variety of other 
devices without the need for intervening external 
logic. Devices such es another Z-CIOQ/CIO, an FEO, 
an FIFO, a ZB Port, etc., can be directly 


connected and serviced. Figure 3-2 shows two 
interconnected CIOs: output port's DAV output 
connects to input port's ACKIN input and input 
port's RFD output connects to output port 's ATKIN 
input. 


our ™ 


Figure 3-2. Two Interconnected CIOs Using 
Interlocked Hendsheke 


In interlocked Handahake mode (Figure 3-3), on the 
felling edge of the Acknowledge Input (ACRIN), the 
data on the port input lines is latched in the 
Buffer register. This fills the Buffer register 
and the Ready for Data (RFD) output ie pulled 
Low. If the Input Date regieter ia empty, the 
deta is moved to it ("“emptying” the Buffer regis- 
ter) and the Input Data register Full (IRF) fleg 
ia eutomatically set to 1. When the Buffer 
register becomes empty (and if ACKIN ie High), the 
RFD Line will return High only if the ACKIN input 
is High. This achieves the interlock. 


The following example provides a step-by-step 
anelysis of a double-buffered input port 


using Interlacked Handshake. (This description 
uses Figure 3-3 as reference). 


aCKIN 
aro 


Data 


Figure 3-3. Interlocted Input Hendsheke 
Timing Diagras 


2097 04,005 


Tg- ACKIN and RFD ere both High. 
ACKIN High indicetes thet the 
dats is not velid; AFD High 
indicates that the Buffer 
register is empty and ready for 


data. 

Ty: Oata on port pine becomes 
valid. 

Tze ACKIN goes Low, indicating that 


the deta is valid, and causing 
it to be latched into the 
Buffer register. 


T3- RFD goes Low, indicating thet 
the Buffer register is full and 
the port ie not ready for more 
data. 


Tae The data is trenaferred into 
the Input Dete regieter, the 
Input Date register Full (IRF) 
flag goes High and the Buffer 
register is emptied. The port 
is now ready for the next byte 
of date. AFD could go High if 
ACKIN ie High; but because 
ACKIN ia Low, RFD stays tow. 


T5- ACKIN goes High. 
Tg became Ty. RFD goes High, concluding the 
handshake procesa; the cycle is 
ready to repeat. 


Strobed Input Handeheks 


The Strobed Handshake (Figure 3-4) operates in the 
same way as the Interlocked Handshake, except thet 
the rising edge of the RFD output is independent 
of ACKIN going High. As soon as the Buffer regis- 
ter ia emptied, AFD goes High, even if ATKIN is 
still Low. In all other respects, the two hand- 
shakes sre the same. The falling edge of the 
ACKIN input “strobes" the data into the port. 


The following exemple provides 2» step-by-step 
anelysis of an input port configured es double- 
buffered and using Strobed Handshake, (This des- 
eription usea Figure 3-4 a9 reference.) 


DATA 


To. ACKIN and RFD are both High. 
ACKIN High indicates that the 
data is mot valid; RFD High 
indicates thet the Buffer 
tegister is empty and ready for 


date. 

Tye Data on port pina becomes 
valid. 

12. ACKIN goes Low, indicat ing thet. 


the data ie valid, end causing 
it to ba latched in the Buffer 
register. 


Tg. RFD goes Low, indicating that 
the Buffer register ie full and 
the port is not ready for more 
data. 


Tye The date ia moved into the 
Input Data register, the Input 
Dete register Full (IRF) fleg 
goes High, the Buffer register 
ie emptied, and RFD goes High. 


ACKIN is High; the cycle is 
ready to repeat. 


Ty becomes Tp- 


i 


2014 ey 
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TAIQOER = TIMER 
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cry 


Figure 3-5. Pulsed Input Handshake 
Cournter/limer Insert ion 


Puleed Input Hendstheke 


The Pulsed Handsheke operates exactly Like the 
Interlocked Handshake with Counter/Timer 3 insert - 
ed in the ACKIN input path (see Figure 3-5). The 
counter/timer ia triggered on the falling edge of 
ACKIN. The output of the timer is inverted and 
used as the Acknowledge input for the handshake. 
The falling edge of the internal ACKIN latchee the 
data, and RFD cannot go High until the internal 
ACKIN goes High. Because al! of the progremmeble 
capabilities of Counter/limer 3 are available, 
many different operationa are possible. However, 
since only Counter/Timer 3 ig used, only one port 
can heve Pulsed Handshake at a time. 


If the counter/timer output duty cycle is pro- 
grammed in the pulee mode, TC cycles (where IC is 
the value programmed in the counter/timer Time 
Constant register) after the ACKIN falling edge is 
detected, the Internal Acknowledge falls, latching 
the data in the Buffer register; the internal 
ACKIN rises a cycle later. If the counter is pro- 
grammed with the one-shot duty cycle, then aa soon 
ea the external Falling edge on the ACKIN input is 
detected, the Internal Acknowledge falls; it rises 
T cycles later. When the counter/timer duty 
cycle is selected to be square-wave, the Internal 
Acknowledge goes Low IC clock cycles after ACKIN 
falls and stays Low for TC cycles. See Figure 3-6 
for timing diagrams of the three different duty 
cycles (pulsed, one-ehot, and squere-wave) aveil- 
eble with Counter/Timer 3. 


Because the handshake ia interlocked with the 
internal ACKIN (not the ACKIN port pin), the RFD 
output is held Low as long as the Internal Acknow- 
ledge is low. This can be used to guarantee a 
minimum RFD Low time without CPU intervent ion. 
Many simple interfaces can be made with the Pulsed 
Handshake by connecting the RFD output (inverted) 
to the ACKIN input. 


wenn 
(exTeRnaty 


PULSED 


ReKin 
OMTERNAL) ) one SHOT 
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Figure 3-6. Pulsed Input Hanishake 
Counter/Tiser Duty Cycies 


SWire Input Handshake 


The 3-Wire Handshake (Figure 3-7) is the seme ag 
the Interlocked Handshake, except that the role of 
the Ready for Data (RFD) output ia replaced by two 
signsis: FO and Data Accepted (DAC). The name 
of the ACKIN input is changed to Date Availadle 
(OAV) to be consistent with the IEEE-488 specifi- 
cation, but its function is the same. The RFD 
output goes High when the Buffer register ia empty 
and the DAV input is High. When OAV falls, the 
input data ie latched, RFD goes Low (the Buffer 
register is full), and DAC goes High, indicat ing 
thet the date wae received. When the DAV input 
goes High, OAC is furced Low. When the Buffer 
tegister ia emptied, RFD goes High, indicating 
that the port is ready for the next byte. Like 
the Interlocked Handshake, RFD will not go High 
until the OAV input goes High. The operation of 
the interrupt logic ia the seme as for the Inter- 
locked Handshake. 


One Talker--Many Listeners 


The 3-Wire Hendshake is useful in the situation in 
which there is one source of data (the "Talker") 
and many receivers ("Listeners") for the date. 


Each Listener has one input line called Data 
Aveileble (DAV) and two output tines called Ready 
For Data (RFD) and Data Accepted (DAC). The RFD 
and DAC lines of all Listeners are connected 
together in @ wire-AND. 


(A wired-AND requires all inputs [Listener's sig- 


nal] to go High before the output [signal to the 
Talker) goes High.) The RFD signal to the Talker 
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tells the Talker when the last Listener is ready 
to receive data (final Listenec's RFD goes High). 
Ibe Talker then tells the Listeners that data ia 
now available by bringing DAV Low. 


Each Listener, working at its individual pace, 
signals when data reception ia done by letting ita 
DAC line go High. The wired-AND DAC signal will 
tell the Talker when the last Listener hes 
accepted the current data (the leet Listener's DAC 
finally goes High). — 


The Talker then tells the Listeners that the data 
is no longer valid (OAV goee High). Esch Listen- 
er puta DAC Low and, when ready for new data, puts 
RFD high. 

The wired-AND RFD and the Low DAC tellia the Talker 


that all Listeners are,ready for new dats, and the 
cycle is ready to begin again. 


pata 


Figure 3-7. 3-Wire Input Handshake 
Timing Diegran 


This procedure is in agreement with the IEEE-468 
5-Wire Handshake, = * 


The following example provides a step-by-step 
enalysie of an input port configured as double- 
buffered and using the 3-Wire Hendahake. (This 
description uses Figure 3-7 9a reference). 


To- DAV and AFO are both High. DAV 
High indicates that the dats ia 
not valid. 


Tye DAV goes Low, indicating that 
the data is ready to be reed 
end thet the input ports are 
ready for data (the interlock 
requires AFD to be High before 
the output port can lower DAV. 
The data is latched into the 
input port Buffer register. 


Ta. RFD goes Low, indicating thet 
the Buffer register is full and 
the port is not ready for more 
data. 


Ts. The individual input porte 
allow DAC to go High. The 
wire-ANDed DAC goee High, indi- 
cating thet the data waa 
teceived by all input ports. 


Ta. DAV goes High es the start of 
the complet ion of data handling 
hendahake, acknowledging that 
the data was received. 


Ts. DAC goes tow ss the data 
transfer ia completed. 


When their Buffer registers ore 
empty, the individul input 
ports allow RFD to ga High. 
The wire-ANDed AFD goes High, 
indicating that the port is 
ready for the next byte; the 
cycle ia ready to repeat. 


3.4.3 Output Port With Handshake 


Output porte handle data movement from the CPU to 
the CIO port pins. This allows the writing of 
B-bit (or 16-bit if Ports A and B are linked) data 
to external devices. (See Figure 3-8.) 


There are two Bit Path Definition registers that 
can affect output port operation: The data path 


nr HRI 


AU) QUA, 
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Figure 3-8. Output Port Dets Path 


1s modified as specified by Ihe Dala Path Polarity 
register (see Section 2.6.1); and the Special 1/0 
Control register allows selection of either normal 
of open-drain outputs (see Section 2.6.3). 


When a port is programmed in the output mode, its 
Input Deta Register Full (IRF) Flag of the Port 
Command and Status register is automatically held 
at 0, 


Because the port operation is independent of the 
handshake, the port operation modes will be exam- 
ined in this section independent. of handshake 
types. This will be followed by an examination of 
the four handshake types (Interlocked, Strobed, 
Pulsed, and 3-Wire) in the output port context. 


3.4.3.1 Basic Modes of Operet ion 


There are three independent modes of operation 
{hat, taken together, characterize a particular 
gutput: port configuration. These modes of opera- 
Lion are: 


@ double- or single-buf fered 
@ interrupt on one or two bytes 
@ using or not using patlero match logic 


Doub le-Buffered (58 = 0) 


The CPU writes date to the Output Date register. 
The data is moved to the Buffer register af it is 
empty. When the output port is specified as 
double-buffered (S58 = 0) in the Port Mode Specifi- 
cation register, the data move to the Buffer reg- 
ister “empties” the Output Data register, setting 
the Output Data Register Empty (ORE) Fleg; the CPU 
can then write another byte into the Output Data 
register. The falling edge of ACKIN indicates 
that the data hes been taken, and empt ies the 
Buffer register. Reading the Input Osta register 
will return the current value in the Buffer regis- 
ter. 


The HAV output tells ceceivers that the output 
port data is available and valid when this signal 
is Low. 


the Interrupt on Two Bytes (11B) control bit of 
the Port Mode Specification register determines 
when FIP is set end when an -interrupt should be 
requested, 


While programmed to interrupt on every byte 
(11B = 0}, Interrupt. Pending (IP) of the Port 


ann EERO teneenrmanmnemnemeneneeeeeeeeeen een eee Cee 
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Command and Status register is gutomatically set 
tu 1 along with Output Data Register Empty (ORE) 
of the Port Command and Status register when the 
data is moved out of the Output Data register and 
into the Buffer cegister. Writing to the port 
data register “fills” the Output Data register and 
automatically clears the IP (hence, ORE = 0 and 
iP = 0). IP can be cleared (IP = 0) by software 
command; that is, by writing bite D7-Ds of the 
Port Command and Status register. . However, the 
Output Data register is not “filled” until the 
data is written. Since IP is set only when data 
is moved out of the Output Data register, then if 
the port is enabled (PAE or PBE is set to 1) 
without writing any data, IP will not be set even 
though the Output Date register is empty. 


While programmed to interrupt on two bytes (IIB = 
1), IP is mot automatically set to 1 until both 
the Output Data and Buffer registers sare empty; 
that is, the Buffer register becomes empty while 
the Output Data register is empty. IP is automat- 
ically cleared (1P = 0) when the second byte of 
data is written by the CPU to the data register. 
The first data write fills the Output Data regis- 
ter and allows the data to be moved into the Buf- 
fer register, The second date write filla the now 
empty Output Data register and automatically 
clears the IP. As when LTB = 0, when the port is 
initially enabled, the IP will not be set nor will 
an interrupt request be generated until a byte of 
data is written to it. Data cen be written to it 
after it is initially configured end before it is 
enabled. 


When ITB = 1, the Output Data registet should not 
be written unless IP = 1, even if ORE = 1. Other- 
wise, the data may be written just as the Buffer 
register is going empty and as IP is being set. 
In this case, on interrupt may be requested 
for e two-byte write, when only one byte is 
needed, because the first byte hes already been 
written but not output. 


NOTE 


The IP can be cleared on command. this 
suggeste the fol lowing possible 
sequence for providing byte-by-byte 
control of the DAV output: writing one 
byte of data end then clearing IP by 
command allows an interrupt when the 
Buffer reqister is “emptied” by the 
handshake logic. 


Single-Buf fered (SB = 1) 


When the output port is specified as single- 
buffered (SB = 1), output data is moved from the 
Output Data register to the Buffer register aa in 
the double-buffered case. However, when the date 
is moved into the Buffer register, the Output Data 
register is not emptied. A copy of the data is 
maintained there. In this made, the handshake 
logic “empties” both registers: when ACKIN falla, 
the Output Oata and Buffer registers are emptied, 
and both ORE and IP are automatically set to 1. 
Writing the port data register fills the Output 
Data register and clears IP (ORE = [P = 0). 


NOTE 


Unkike the double-buffered operat ion, 
ITB = 1 does not make sense in single- 
buffered operation. thus, when SB = 1, 
HIB must = 0. 


With Pattern Hatch Added (PH5, = PH5y # 0) 


The port's built-in pattern match logic can be 
used to test the data a it is coming into or 
through the data register. The availeble pattern 
match modes operate independently of handshake 
type and are specified by the Pattern Mode 
Specification bits (PMS, and PMSg). In the output 
port operation, the AND and the OR modes are 
available for use, but the OR-PEV is not. Thies 
pattern availability for AND and OR logic is a 
consequence of the pattern being tested as the 
data is moved. into the Input Osta register, 
eliminating access to the transition information. 
Because of this, transition patterne cannot be 
used. 


The Pattern Match Flag (PMP) of the Port Command 
and Status register is set to 1 or is cleared to 0 
es the data is moved from the Output Data register 
to the Buffer register. 


When IJA = 0, IP is set when data is moved out of 
the Output Data register. If PMF = 1, writing the 
dats register does not automatically clear the 
IP--the IP can only be cleared by writing to the 
Port Command and Status Register. Also, writ ing 
the Output Data register does not "Fill" it; the 
Qutput Data register can be "filled" (and ORE 
cleared to 0) only if it is written and the IP is 
cleared, (in any order). Data that is written 


3-13 


before IP is cleared, however, is latched in the 
Output Data register. 


While 11B = 1, the pattern match logic can over- 
ride the IIA logic. If the byte moved into the 
Buffer register matches the specified pattern, the 
IP goes to 1 immediately. {P is cleared und the 
Output Data register is filled in the same manner 
as when [1B = 0. 


In the Pattern Match mode of operation, where ITB 
= 1 and Pattern Match is enabled, care must be 
taken, because an IP = 1 can mean that either one 
or two bytes may be written (depending upon 
whether @ match occurred and if the match occured 
on the first or second output byte). There is 
also the possibility that, if IP is cleared by 
writing to Port Command and Status register after 
a single data register write, no further inter- 
tupts will be generated if the byte matched. 


A normal assumption when [1B = 1 is that both the 
Output Data and Buffer registers are empty when an 
interrupt occurs, and two consecutive writes will 
Fill both registers and clear IP. However, if the 
firet byte written matches the pattern, the second 


write will not "fill" the Output Deta register or 
clear ([P because PME was set to 1t when the First 
byte wags moved into the Buffer register. If the 
second byte matches, IP and PMF will be set when 
it is moved into the Buffer register ard an 
interrupt cequest will be generated-~however, only 
one byte can be written since only the Output Data 
register is empty. 


When [1B = 1 and both PHS, and PMSg are not 0, 
there are three conditions which can cause an 
interrupt: 


Condition t: 2 bytes were written--neither 
match the paltern 

Condition 2: 2 bytes were written--the second 

byte matches the pattern 

Condition 3: 1 byte was written--it matches the 

pattern 


Given the above information, the following set of 
operations will determine the cause of the inter- 
rupt and properly process it. 


Poll PMF (this could be Status In Vector) 


1f PMF = O (both registers are empty) 


e@ Write Ist byte 
@ Poll PMF 


The cause is condition 1 


If PMF = 0 (1st byte doesn't match) 
@ Write 2nd byte (1P automatically cleared) 


e@ Return 


If PMF = 1 (1st byte matches) 


® Clear [P 


® Write 2nd byte (if any) 


® Return 


{f PMF = 1 (2nd byte matches) 
e Clear IP 

e Write = byte (if any) 

@ Return 


The csuse is condition 3 


The csuse is condition 2 


In summery, careful interrupt handling is required 
af both the IIB and pattern match logic are 
enabled. 


Interrupt on Match Only (IMD = 1) Specified 


When the Interrupt on Match Only bit of the Port 
Mode Specificetion register ig aet to 1, an inter- 
rupt request will be generated only when the data 
moved out of the Output Date register into the 
Buffer register matches the pattern apecifica- 
tion. For output ports, the IMO capability ia 
especially useful when dats transfer is under the 
control of an external device (for exemple, a DMA 
controller). In this wey the bulk of the data 
transfers can be accomplished without interrupts 
(that is, without involvemert of the CPU) by hav- 
ing en interrupt generated only when the match 
pattern is encountered. The C10, through the IMO, 
eliows a long atring of bytes to be output without 
interrupts. This is accomplished by simply wait- 
ing on 8 pattern which is inserted at the end of a 
atring to signal the end of the trenamiasion by 
way of @ single CPU interrupt request. This way, 
many bytes can be moved with only one interrupt 
request being generated. 


NOTE 


IMO must be G if either ITB or SB = 1, 
or if the port is a bit port. 


3.4.3.2 Hendshake Types 


The operation of Port A and B output handshakes 
will be explained by describing in detail the 
sequence of operations performed by en output port 
Programmed with Interlocked Handshake. Any dif- 
ferences encountered when using the other hand- 
shakes will then be described. See Teble 3-1 for 
ident ification of the handshake lines furnished by 
Port C bits for Ports A and 8. 


Deskew Timer Deacript ion 


Because external devices may require that the dsta 
be valid for a certein minimum emount of time 
prior ta the OAV signal being pulled Low (to indi- 
cate data available), the C10 provides = seperate 
deskew timer for each port. As date ia trane- 
ferred to the Buffer register, the deskew timer ie 
triggered (if the timer is enabled (DFE = 1). 
After the number of PCLK cycles (up to 16) speci- 
fied by the deskew timer Time Constant (see Figure 
2-5), DAV is allowed to go Low (the interlock may 
keep DAV High). The deskew timer dose not extend 
the time from ACKIN rising to DAV felling. the 
deskew timer therefore guarantees that the output 


data is valid for 8 specified minimum emount of 
time before DAV goes Low. 


Deskew timers are available for output porte inde~ 
pendent of the type of handshake employed. Each 
port hee a seperate 4-bit deakew timer. Thus, the 
C10 can provide the proper timing to interface to 
those external devices that require a large data 
valid to DAV falling setup time. For exemple, the 
TEEE-488 specification requires data to be valid 
for 2 microseconds before SAV can go Low. 


Interlocked Output Handshake 


The Interlocked Output Handshake requires that the 
output port does not indicate thet it hes date 
available (DAVY goes Low) until the receiving 
port indicates that the previous byte of dete has 
been accepted (indicated by ACKIN being High). 


Interlocked Handshake port configuration al lows 
the CIO to communicate directly with a variety of 
other devices without the need for external 
logic. Devices such aa enother CIO, FLO, FIFO, 28 
Port, etc., can be interfaced directly. Figure 
3-2 shows two interconnected Ci0s: ths output 
port's DAV output connecte to the input port's 
ACKIN input end the input port's AFD output 
connects to the output port's ACKIN input. 


In Interlocked Output Handshake mode (Figure 3-9), 
the CPU writes data into the Output Date regis- 
ter. If the Buffer register is empty, the date is 
moved to it and om to the port output pins ("emp- 
tying" the Output Date register). The Output Dete 
register Empty (ORE) bit in the port Commend and 
Status register is then est to 1 and Dets Avail- 
sbie (DAV) handshake line goes Low (if ACKIN is 
High). The CPU can now write another byte into 
the Output Date register, setting ORE to 0. When 
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Figure 3-9. Interlocked Output Hendshake 
Timing Diegras 
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the receiving port has accepted the data it lowers 
ACKIN; the Buffer register is “emptied” end DAV 
goes High, indicating that data is no longer 
available. The data in the Output Deta register 
is moved to the Buffer register and out of the 
port. At this time the next byte of data ia 
available. However, the DAV signal cannot go Low 
until the ACKIN input is High, indicating that the 
teceiving port is ready to accept another byte of 
data. this achieves the interlock. 


The following example is a step-by-step analysis 
of a double-buffered output port using Interlocked 
Handshake, (This description uses Figure 3-9 es 
reference). 


Tg- The Buffer register is full, 
date is valid on the pina, DAV 
in Low, and ACKIN is High. 


Tq. AKIN goes Low, indical ing that 
the receiver has taken the date 
ard is not ready for more 
deta, This empties the Buffer 
regieter. 


12. DAV goes High, indicating that 
the Buffer regiater is empty 
and the data is no longer 
valid. 


45. The next byte to be output ie 
moved into the Buffer register 
from the Output Data register. 
Date is valid et the port 
pina. The Deskew Timer ie 
triggered if enebled. 


Tae The Deaskew Timer times out, but 
BAV remaina High because ACKIN 
is still low (this is the 


Interlock). 

T5- ACKIN goes High, indicat ing 
that the input port is ready 
for data. 


Vg becomes Tp. DAV goes Low, indicet ing thet 
the deta ie valid and hes been 
velid for Deskew time pro- 
grammed; the cycle is ready to 
tepeat. 


Strobed Output Handshake 


The Strobed Handshake (Figure 3-10) operates in 
the same way as the Interlocked Handahake, except 


thet OAV goes Low independert of ATKIN. that ia, 
the output port can indicate thet new data is 
available by DAV going tow (independent of 
ACKIN). In atl other cuspects, the two handshekes 
ere the same. The falling edge of the DAV output 
indicates that the data is ready to be reed (just 
like in Inteclocked Handahake). The deskew timers 
cen be used as described in output port with 
Interlacked Handshake above. 


DATA vaLIo 


Figure 3-10. Strobed Output Hendshake 
Timing Disgres 


The following example is a step-by-step anal yeis 
of e@ double-buffered cutput port using Strobed 
Handshake, (This description uses Figure 3-10 sa 
teference). * 


Tg- The fuffer register ie full, 
date is valid on the pine, OAV 
is Low, and ACKIN is High. 


Ty. ACKIN goes Low, indicet ing thet 
the receiver has taken ths datn 
and is not ready for mre 
data. Thie empties the Buffer 
register. 


Tze DAV goes High, indicating that 
the 6uffer register is empty 
end the date is no Jonger 
valid. 


Ty. The next byte to be output is 
moved into the Buffer register 
from ths Output Osts register. 
Detea is vstid st the port 
pins. The deskew timer is 
triggered if ensbied. 


Ta. The deskew timer timea out, end 
DAY goes Low, indeperdert of 
ACKIN (there is no ACKIN Inter~ 
lock). 
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Ty becomes Tp. ATKIN goes High, indicating 
that the input port is ready 
for data; the cycle is ready to 
cepeat. 


Puleed Qutput Handshake 


The Pulsed Handshake operates exactly like the 
Interlocked Handshake with Counter/limer 3 
inserted internally in the DAV output path (ace 
Figure 3-11). the timer is triggered on the 
falling sdgs of en internal DAV signal. the 
output of the timer ia inverted and used sa the 
Data Availeble output for the handshake. The 
interlock is between the ACKIN input ond the 
internal DAV signal (the internal DAV cannct go 
Low until ACKIN is High). Because all the 
capabilities of Counter/Timer 3 are eveilable for 
use, many operations are possible depending on how 
the timer is ptogrammed. However, @ince only 
Counter/Timer 3 ia used, only one port can have 
Pulsed Handaheke eat a time, The deskew timers can 
be used to delay the internal OAV signel es 
described before. 


Figure 3-11. Puleed Output Handsheke 
Counter/Timer Insert ion 


If Counter/Timer 3's output duty cycle is pro- 
grammed in the pulse made, then IC cycles (where 
TC ia the velue programmed in the counter/timer 
Time Conetart register) efter the internal DAV 
falling edge is detected, the DAV output fells and 
the external DAV rises 0 cycle later. 


If the counter is progremmed with the one-shot 
duty cycle, then the OA¥ output falle a8 soon es 
the external falling edgs on the internal DAY eig- 
nel ia detected; it rises IC cycles later. When 
the counter duty cycle is selected te be square- 
wave, the DAV output ges low IL cycles after 
internal DAV fells and it ateys Low for IC cy- 
cles. Uhe duty cycle selected for Counter/Timer 5 
determines which DAV outpute are evaileble (ace 
the timing disqrama in Fiqure 3-12). 
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Figure 3-12. Puleed Output Handshake 
Counter/Timer Outy Cycles 


Many simple interfaces can be made with the Puleed 
Handahske by linking the DAV output to the ACKIN 
input. For example, if the duty cycle selected 
for Counter/Timer 3 ie square-wave, the port will 
provide valid data with a actup of IC clock cycles 
to the external OAV felling edge (even longer if 
the deakew timer is enabled). Alao the DAV‘s Low 
time will be IC clock cycles. thie could be used 
for interfacing to » device which requires a large 
date setup time to « strobe and e minimum time 
between characters, 


Dire Otput Hendsheke 


The 3-Wire Handsheke (Figure 3-13) is the same ee 
the Interlocked Handaheke, except that the role of 
the ACKIN input in replaced by twa siqnela: Ready 
for Dats (RFD) and Date Accepted (DAC). Thie 
nomancisture is conaiatent with the MEE-488 epec- 
ification. 


Wren the output port Buffer register ia full, ite 
data Is sveileble to send. However, the 3-Wire 
Interlock requires thet the receiver(s) first sig- 
nal thet it is resdy for data by, having DAC Low 
and raising RFD High (the interlock), 


if the deskew timer is enabled, the deakew count~ 
down starts with date moved into the Buffer regis- 
ter. On deakew timeout, the DAV signal goes Low, 
the date has been valid for the whole Deskew 
count. If the deskew timer ie mot ensied, the 
output port then immediately lowere DAY, eiqnaling 
that the date is availabie. 


Ihe input port puts RFD Low and, after accept ing 
the data, DAC goes High. fhe rising wdge of DAC 
"empties" the Buffer register (Like ACKIN felling 
in the Interlocked and Strobed Handshakes). The 
output port then raises DAV High which causes the 
input port's DAC to return Low, New data can now 
move into the Buffer register in preperation for a 
new cycle. The new cycle begine when the input 
port(s) signals that it is ready for date by RFD 
gving High (the interlock). 


An output port using 5-Hire can be used ow the 
source of data in 6 communication network that hes 
one source (Talker) and meny recelvere (Listen- 
era). The Following is a description of the oper- 
ation of such a network From the Talker point of 
view. 


Im the 3-Wire Handshake (Figure 3-13), separate 
signals are used te indicate when the Listeners 
ere teady to receive new date (RFD), and when the 
date has been eccepted (DAC). (Im the Interlocked 
Henduhake, the ACKIN input indicates both [High = 
Reedy for Date, Low = Deta Accepted})}. Sinoe two 


* signals ere used, many Listeners can be connected 


simultaneously to e single Talker by wire-ANDing 
theie RFD and DAC outputs. In this way RFD will 
rise only when all Listeners ere resdy, and DAC 
will rise only after all Listenera have received 
the dala. 
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Figure 3-15, 3-Wire Output Hendsheke 
Timing Oiegres 


When DAY felle, the Listeners can receive the date 
at their own individual pace, indicating that they 
have received the date by bringing RFO Low, end 
letting their own DAC go High. Since OAC is s 
wired-AND, the DAC signal to the Talker will indi- 
cete when the lest Listener hes sccepted the 
current date. 


the Talker then tells the Listenors thet the data 
ia no longer valid (SAV goes High). The Listeners 


then respond by pulling DAC Low and, when they are | 


teady, letting RFD yo High. When the Isat 
Listener's RFO goes High, the wired-AND telle the 
Talker that all Listeners are again reedy for new 
deta, and the cycle is ready to begin again. 


Ihis procedure is in agreement with the [EEE-488 
3-Wire Handshake. See the 3-Wire Handshake timing 
oxample (Section 3.4.2.2) for es step-by-step snel- 
ysis of a port configured as double-buf fered which 
uses 3-Wire Handshake. 


3.4.4 Bidirectional Port Operation 


The bidirectional port is both on input and an 
uutput port. That ie, it handles data movement in 
either direction betwen ths CPU and the CIO 
pins. The direction of date flow is control led by 
@ single line, the IN/OUT line, provided by 
Port C (see Table 3-1). if the line of Port € 
used as the direction control is programmed to be 
en input bit, the port is a "slave" bidirect ional 
port. The direction of date flow is controlled by 
an external "master," and the IN/OUT input con- 
trols the port. (If the bit ts programmed to be 
en output bit, the port is s "master” bidirec- 
tional port.) In this configurstion, the CPU con- 
trols the direction of date flow and the IN/OUT 
Jine ia » status line that indicstes the direct ion 
of date fiow. The operetion of dete transfer ia 
the same for both “master” and “slave” ports--only 
the mechaniam of changing direction is differert. 
Ihe detaila of the differences will be described 
in the following peragrephs. 


The bidirect ional port uses two lines in addition 
to the IN/OUT Line for handshaking. One line, the 
RFD/BAV line, has multiple functions depending on 
the date direction. When acting es an input port, 
this line is the Ready For Data (RFD) output, like 
the simple input port. In the output mode, thie 
line js the Date Available (OAV) output, like the 
simple output port. The other line ie the 
Acknowledge Input (ATKIN). Since three of Port 
C's four lines are required for hsndeheke end 
direction control lines, only one port may be 
bidirect lonel at any one time. 


In the bidirect ional mode, « port's Input register 
and Output register sre both operationa} and inde- 
pendent. fven when the IN/OUT line ie Low (output 
mode), reading the Port's dete register gives the 
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contests of Inpul) Dela register, not the value 
being outpul. al the time (like a simple outpul 
port gives). Reading the port's dats register 
empl.ies the Input register; writing the data reg- 
ister fills the Oulput. register, regardless of the 
direction of the port at the time of the read or 
write. 


Both double- and single-buf fered opera! ions Func- 
tion in the bidirectional mode like gimple input 
and gulpul. ports, depending un the direction of 
data flow, 


Since the direction of date Flow can be changed at. 
almust any time and because a single Buffer regis- 
ter is multiplexed belween the input and output 
path, any data in the Buffer register is somewhat 
vulnerable. The user must take preceutiom that 
data is nut lost. 


Only two handshakes sre supported by a port in the 
bidirectional mode: the Interlockrd Handshake and 
the Strobed Handshake. Ihe Pulsed Handshake and 
the 3-Wire Hemdishake must mot be specified. Like 
the simple input. and output ports, the only dif- 
ference detwren the Interlocked and the Strobed 
hendshakes is whether of not the ACKIN input 
influences the uperstion of the RFD output (input. 
aude) or DAV output (output mode). The operat ion 
of. the bidirectional purt will be explained by 
describing in detail the input operation, input - 
to-cutput transition, output operation, and 
vu! put-lo-input transition for a port using the 
interlocked Handshake. Oif ferences encountered 
using the Strobed Handshake will be described os 
they occur. 


NOTE 


When in the hidirectivnal operation condi- 
tion, the Interrupt on Two Bytes (11B) bit 
of the Port Mode Specification register must. 
be set to 0 (zero). 


3.4.4.1 Input Operation 


The Aidireclional port opersting in the input 
direction operates {ike ao aimple input port, 
except for bow IP iv cleared and how the Input 
register is empt ied. 


On the falling edge of the Acknowledge Input 
{ACKIN) tho input date is latched in the Buller 
register and RFD/DAV output ie pulled Low, indica- 


ting Uhal the data hag been accepted. If the 
Input. Data regisler is emply, the dala ia trans- 
ferred to the Input Data reqister, the Input Reg- 
ister Full (IRF) flag is sel to 1, the Buffer reg- 
ister is emplied (if not single-buffered), and IP 
is set. to 1. When the Buffer register becomes 
empty, the RFD/OAV returna Migh, if ACRTN is 
High. If the Strobed Handshake is specified, it 
ques High independent of ACKIN's state. 


In bidirectional input uperal ion, the IP cannot be 
cleared automatically. It) must) be cleared by 
writing to the Port Command and Stalus Register. 
Also, the Input reqister (and Buffer register, if 
single-buffered) wit) remain “Full” until the 
Input Date register is read and IP is cleared (in 
any order). 


3.4.4.2 Input to Output Direct ion Change 


he direction can safely be changed at any time 
except for the period between the falling edger of 
ATKIN and the time that AFD/OAV falls, indicat ing 
the reception of input data. As long as any input 
deta is in the Buffer register or any input inter- 
rupta are pending, the port remains in the input 
mode internally. As the data is shifted into the 
Input Dute register, IP is sel; the port remains 
av inpul port until that IP is cleared. While the 
internal state of the port differs from the {n/t 
line, Lhe RFD/DAV line ie forced High, indicet ing 
that no output data is available. If the IN/OUT 
line is relurned High during this time, RFD/OAV 
may go Low to indicate Uhet the port is nol ready 
for input data and that @ false RED/OAV Falling 
edge may be generated. Shis problem can be alle- 
viated if the input-to-output tramsition is not 
made while the RFD/DAV line ie Low. When all 
input interrupts have been recognized, (IP's 
cleared), the port becomes an output port and 
operates normally, Until thia time, all port dats 
ines remain input (Ihe output drivers will not go 
active). 


If the port becomes an output port and the Output 
Dats register is empty, IP is automatically set 
jul. aa if the Output reqister hed become empty as 
a reeull of a output handahake. 


3.4.4.3 Output Operat ions 


A bidirectional port, operating in the output 
direction, functions Like s simple output port 


except for the way in which IP is cleared and the 
Oulput register is "Filled". 


The output operation starts by writing a byte to 
the port's dats register. If IP = 0, this fills 
the Output Data register and clears the Output 
Regialer Fmpty (ORE) flag to 0 If the Buffer 
register is empty, the data is moved to the Auf fer 
register (and, therefore, to autput on the port 
pins), and, if specified, the optional deskew 
timer is triggered, If the port is double-buf- 
fered (SB = 0), the Output Data register is “emp- 
tied” and both ORE and IP are set to 1. If the 
port is single-buffered (SA = 1), the Output Date 
register is not "emptied" when the data is moved 
into the fuffer register. If ACKIN is High, the 
RFD/DAV output is pulled Low either immediately, 
or after the deskew timer times oul. If the 
Strobed Handshake is specified, RFD/DAV goes Low 
independent of the state of ACKIN. When ACKIN 
goes Low, indicating that the data has been 
received, the Buffer register ia emptied, and the 
RFD/DAV line is forced High. IF the port is 
single~buffered, this also "empties" the Output 
Osta register and causes both IP and ORE to be set 
to i. 


In bidirectional autput operation, IP cannot be 
cleared automatically. It can only be cleared by 
writing to the Port's Command and Status regis- 
ter. Also, the Output Data register remains “emp- 
ty" until both the Qutput Data register is written 
and IP is cleared (in any order), 


3.4.4.4 Output to Input Direct ion Change 


The change in direction from output to input can 
safely take place at any time, except for the time 
between the falling edge of ACKIN and the rising 
edge of RFD/OAV (which indicates that the receipt 
of the data is recognized). As soon the direc- 
tion change to input’ is recognized, the port 
becomes an input. port. The output drivers are 
forced to high impedence and the Buffer register 
is emptied (if full) to prepare it for an input 
data byte. Any data that is in the Buffer regis- 
ter is lost. If ihe direction change could occur 
at any time {and possibly deatroy Ruffer register 
data), the port should be specified ta be single- 
buffered, In this case, a copy of the data to be 
output is contained in the Output Data register, 
and the data is not lost. When the Buffer reqis- 
ter is cleared, the port is ready to receive new 
data immediately and RFD/DAV is output High. 
Although the port is ready to receive data in the 
Buffer register, it will not be moved to the Input 


Data register until IP is cleared. Jhis guaran- 
tees that no interrupts ace missed on direct ion 
change. 


It is recommended that a “master” bidirect ional 
port only change directions to input when the 
RFD/DAV output is High, This can be done by pro- 
gramming the port to be single-buf fered and then 
changing direct ions in response to an output hand- 
shake interrupt. At this time, the previous out- 
put. handshake is completed and RFD/BAV is High. 


If the Input Data register ia full when the trare- 
ition to an input port takes place, an interrupt 
sequence is initiated just aa if the register hed 
become full as a result of an input handshake. 
(his is delayed until any output IP is cleared by 
software.) 


3.4.4.5 Pattern Match 


The operation of the pattern match logic (if ena- 
bled) in Lhe bidirect ional mode is essentially the 
game ag combining the input and output modes. 
ach time IP is set, the PM is updated, based on 
whether or not. the byte transferred into the Input 
Data register or out of the Output Date register 
matches the pattern. IP is set and cleared like a 
normal bidirect ional port. 


NOTE 


The HIB bit must be O during bidirec- 
tional operation. If the port is pro- 
grammed to be single-buffered (SB - 1), 
the Interrupt on Match Only (1M0) bit 
must not be 1. 


3.4.5 REQUESI/WATIT Line Operat ion 


When used as a port with handshake, Port C can be 
programmed to provide a status signal output in 
addition to the normal handshake Lines for either 
Port A or B. The additional signal is either a 
REQUEST or WAIT signal. The REQUEST signal indi- 
cates when a port. is ready to perform a date 
transfer via the 7-BUS. It is intended for use by 
a DMA-type device. [he WAIT signal provides syn- 
chronizat ion for transfers with a CPU. Three bits 
in the Port Handshake Specification register pro- 
vide controls for he REQUESI/WAIT logic. Because 
an extra Port C line is used, only one port can be 
specified to be a port with a handshake an a 
REQUFSE/WATT tine. The other port must be a bit 
port. 


3.4.5.1 REQUEST Line Operat ion 


Operation of the REQUEST line ie dependent on the 
state of the port's Interrupt on two Bytes (118) 
control bit. When ITB = 0, the REQUEST tine gaes 
active es soon as the Ci0 is ready for a date 
transfer. If the port ia used for the input, the 
REQUEST line goes High when the Input Date 
regiater is full. If the port ie used for output, 
the REQUEST line goes High when the Output Data 
Tegister is empty. If 118 = 1, REQUEST goes 
active only if two bytes can be moved. For input, 
both Input Data and Suffer registers are full, and 
for output, both Buffer and Output Data regiaters 
are empty. REQUEST stays active as long as » byte 
4s available to be read or written. However, if 
the port is single-buffered or if the Pattern 
Match Fleg is set, REQUEST goes Low when the data 
ie read or written. . 


In the bidirectional mode, ITB must be 0. There- 
fore, the REQUEST line reflects the atate of the 
Input or Output Date register, depending on the 
type of REQUESI line specified. 


The DMA-type tranefer is facilitated by the use of 
the Interrupt on Match Only (IMO) control bit in 
the Port Mode Specification register. In moat DMA 
transfers, the peripheral does not generete an 
interrupt request. However, the Interrupt on 
Match Only (IMO) capability of the CIO allows it 
to interrupt the CPU when there is 2# specified 
byte match, such sa an end of transfer flag, etc. 
Except for the specified pattern match, the CPU ie 
not involved in the tranefers; the date movement ie 
consequent ly accomplished much faster. Thia 
REQUEST line/IMO pattern match operation can func- 
tion in all port operating modes. 


The SPECIAL REQUEST function is reserved for use 
with bidirectional porte only. In this case, the 
REQUEST line indicates the atatue of the register 
not being used in the date path at that time. If 
the IN/OUT fine ia High (input port), the REQUEST 
line is High when the Gutput Date register is 
empty. Tf IN/QUT is Low (output port), the 
REQUEST line goes High when the Input Data regie- 
ter is Full. In this mode, both the Input and the 
Qutput Data registers can be monitored. The 
RFD/DAV indicstes the atate of the register in the 
dats path, and the REQUEST line monitors the reg- 
ister not in the data path. 


This line can be used to indicate when to change 
the CIO direction. For example, if the CIO is a 


“slave” bidirectional port in the input direct ion 
anvoot = High), then when the SPECIAL REQUESS 
line goes Low (indicating that the Output. Data 
regieter haa a byte to be transferred), the master 
port cen use this as the signal to turn the port 
around so that the byte can be output. 


3.4.5.2 WAIT Line Operat ion 


The REQUEST/WAIT line configured in the WATT mode 
is useful to synchronize CPU-te-CI0 transact. ions. 
For exemple, when the CPU wants the data tranefer 
to be performed aa rapidly as possible, it does 
not wart to wait for an interrupt service rout ine 
to tell it that the CIO is ready to receive or 
supply a byte of date. Rather, the CPU attempts a 
read or write to the CIO. If WAIT ia enabled, and 
the CIO is not ready for a read or write to it, 
WAIT is pulled Low and the CPU is forced to wait 
until the CIO is ready (the Input register becomes 
full or the Output register becomes empty), signi- 
fied by the WAIT line going High. The CPU ia now 
released from the WAIT pause and can complete the 
data transact ion. 


For an input port, WALT is pulled Low when an 
attempt is made to read the Input Data register 
and the port is empty. fot an output port, WAIT 
ie pulled Low when an attempt is made to write to 
the Output Data register thet is still full; the 
dats integrity is maintained in the case of the 
output port-~-the data is not overwritten. Act ion 
jie merely ouspended until the write can teke 
place. 


In the 26036, WAIT falling ie caused by 05 fall- 
ing. In the 78536, WAIT is synchronized with 
either RD or WD falling. WATT, however, may be 
required to be valid at the CPU prior ta this. A 
practical way to use WAIT with the CIO is to have 
external logic generate a WAIT cycle automat ic- 
ally, which can then be extended s3 needed by the 
cio. 


The release of WAIT in both the 28036 and the 
78536 ia synchronized with the PCLK input. Thue 
for the 28036 REQUESI/WATT function, a PCLK input 
ja required. Also, while the ZA036 is assert ing 
WAIT, internal status ia updated using PCLK (not 
AS ea it normally does), because AS stops as tong 
ea the CPU is WAlled. 


3.4.6 Linked Port Operat ion 


Ports A and 8 can be Linked ta form a 16-bit port 
by programming a 1 in the Port Link Control (PLC) 
bit of the Master Configuration Control register. 
In this mode, only Port A's Handshake Specifica- 
tion and Status registere sre used. Port B must 
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be specified as a bit port. When Linked, only 
Port A hes pettern-match capability. Port B's 
pattern-match capability must be dissbled. Also, 
when the ports sre linked, Port B's Oeste register 
must be read or written before Port A‘a. The PLC 
bit must be set to 1 before the ports are ana led. 


Chapter 4 
Counter/Timer Operation 


$.1 COUNTER/TIMER ARCHITECTURE 


The three independent 16-bit counter/timers each 
consist of s presettable 16-bit down-counter, a 
16-bit Time Constant register, a 16-bit Current 
Counter register, an 68-bit Mode Specification reg- 
ister, an 8-bit Command and Stetus register, and 
the associated control logic that links these reg- 
isters. 


The flexibility of the counter/timers is enhanced 
by the provision of up to four lines per counter/ 
timer (counter input, gate input, trigger input, 
and counter/timer output) for direct external con- 
trol and status. Counter/Timer 1's external 1/0 
lines are provided by the four most-significant 
bits of Port B. Counter/Timer 2's external 1/0 
lines sre provided by the four least-significant 
bits of Part 8. Counter/Timer 3's external 1/0 
lines ere provided by the four bits of Port C. 
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The utilization of these Lines (leble 4-1) is 
programmable on a obit-by-bit bssis via the 
Counter/Timer Mode Specification registers. 


When external counter/timer 1/0 lines are to be 
used, the aysociated port lines must be vacant. and 
programmed in the proper data direction, Lines 
used for counter/timer 1/0 have the same charac~ 
teristics as simple input lines. They can be 
specified as inverting of non-inverting, and can 
be reed and used with the pattern-recognit ion 
logic. They can also include the 1's catcher 
input. 


4.2 COUNTER/TIMER SEQUENCE OF EVENIS 


The following discussion assumes that the inputs 
and outputs are programmed non-inverting. 


Rea: 


ta 


ers 


CURRENT 
COUNT 
AEGIBTER 
M380) 


FIR 


ae 


CURRENT 
‘COUNT 
REGISTER 
e's) 


COUNTER 
9 CONTROL 


Figure 4-1. Counter/timer Block Oiagras 
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lable 4-1, Counter/limer External Access 


Counter/ Counter/ Counter/ 


Funct. ion Timer 7 lieer 2 Timer 3 
Counter/Timer Output Port B4 Port BO Port CO 
Counter [nput Port BS Port 8 1 Port C1 
trigger Taput Port Rb Port B 2 Port C 2 
Gate Input Port B 7 Port B 3 Port C 4 


4.2.1 Initializing the Counter/Tiser 
Refore starting a countec/limer sequence: 


Firsl, the Counter/limear Mode Specification cegis- 
ter and the Countec/timer Command and Status reg- 
ister of the desired caunter/Limer must be ini- 
tialized, Initialization requires several things 
to be specified, for example, the external lines 
to be used, the outpul duty cycle, and whether the 
cycle is continuous or single-cyc le. 


Second, the Time Constant must. be specified by 
writing the desired value to the Time Constant 
reqister. Jhe Time Constant register is ancessed 
as two A-bit registers. The registers are read- 
able as we)! as writeable, and can be accessed in 
any order. A 0 in the Time Constant register 
specifirs a lime Constant of 65,536. 


third, if external access is going to be provided, 
the port to be used must be programmed as a bit 
port and the necessary bils must be programmed in 
the proper direct ion (see Section 3.3). 


Finally, the Counter/Timer Eneble bit in the Mas- 
ter Configuration Control register is set. This 
initialization sequence can best be understood by 
examining the function of the various enable 
bits. this bit, while cleared to 0, prevents 
spurious counter/timer operat ion: 


e IPs cen not be set. 
Counter/Vimers can not. be triqqered. 

eo the Reed Current Count bit that freezes the 
value in the Current Count. register will be 
held cleared to 0. 

e The Counter/Timer output is forced to 0. 


Clearing an enable bit will not clear an existing 
IP that is set--it will only inhibit the [P from 
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being set again. Clearing the enable bit will 
clear the Read Counter Contcol bit, causing the 
Current Court register to follow the duwn- 
counter, 


4.2.2 Start ing the Counter/Timer 


The countdown sequence is initiated when the coun- 
ter/timer is triggered and the down-counter is 
loaded with Lhe contents of the Time Constant reg- 
ister. fhe down-counter is normally loaded on the 
rising edge of the external trigger input, or by 
writing a 1 to the Trigger Command Bit (ICB) of 
the Command and Status register. But, for 
Counter/Timer 2 only, triggering can occur on the 
falling edge of Counter/Timer 1's internal output 
if the counters are linked vie the trigger input. 
Also, Counter/Timer 3 can be triggered by the 
handshake logic when it is used with the Pulsed 
Handshake (see Section 3.4.1.3). 


The trigger functions as the logical OR of all the 
potertial triggers (see Figure 4-2). Since the 
trigger function is an OR function, and since it 
is cising-edge sensitive, any input remaining in 
its active state will mask off other trigger 
sources as it stays High. 


NOTE 


In order ta ensure the loading of a Trig- 
ger Constant on a particular rising edge 
of the clocking signat, sufficient setup 
lime must be allowed--the trigger must 
occur prior to the immediately preceding 
falling edge of the clocking signal. 
(The clocking signal equals the count 
input if in Counter made or PCLK/2 if in 
Timer mode.) 
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Figure 4-2. Trigger OR-Funct ion Diagras 


4.2.3 Countdown Sequence 


The rate at which the down-counter counts is 
determined by the mode of the counter/timer. In 
the Timer mode (the External Count Enable [ECE] 
bit is 0), the down-counter is clocked internally 
by a signal that is half the frequency of the PCLK 
input to the chip. In the Counter mode (ECE is 
1), the down-counter ia decremented on the rising 
edge of the counter/timer's counter input. 


Once the down-counter is loaded, the countdown 
sequence continues toward terminal count as long 
as all of the counter/timers' hardware and soft- 
were gate inputs are High. The gate inputs are: 
the Gate Command bit of the Counter/Timer Command 
end Status register, and the external gate input 
if enabled in the External Gate Enabie bit of the 
counter/timer Mode Specification register. Also, 
for Counter/Timer 2 use only, the, counter/timer 
output (inverted) can be used sa a gate if linked 
via the gate in the Counter/Timer Link Controls 
bite of the Master Configuration Control regis- 
ter. If any of the gate inputs go Low (0), the 
countdown halts. It resumes when all gate inputs 
ere 1 agein, The gate function does not affect 
the trigger funct ion. 


The gate functions as the logical AND of all the 
potentiel gates (see Figure 4-3). 


NOTE 


In order to ensure the enabling or dis- 
abling of the counter/timer on a part icu- 
lar rising edge of the clocking signal, 
sufficient setup time must be allowed. 
The gate signal must be. valid prior to 
the immediately preceding falling edge of 
the clocking signal. : 
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Figure 4-3. Gate AND-~Funct ion Diagres 


The reaction to triggers occurring during a count- 
down sequence is determined by the state of the 
Retrigger Enable Bil (REB) in the Mode Specifica- 
tion register. If REB is 0, retriggers are ig- 
nored and the countdown continues normally. If 
REB is 1, each trigger causes the down-counter to 
be celoaded and the countdown sequence starts over 
again. If the output is programmed in the Square- 
Wave mode, a retrigger ceuses the sequence to 
start over from the initial load of the time 
constant. 


The state of the down-counter can be determined in 
two ways: by reading the contents of the down- 
counter via the Current Count register or by test- 
ing the Count In Progress (CIP) status bit in the 
Command and Stetue register. The CIP status bit 
is set when the down-counter is loaded; it is 
reset when the down-counter reaches 0. The Cur- 
rent Count register ia a 16-bit register, access- 
ible as two 68-bit registers, which mirrors the 
contents of the down-counter. This register can 
be read anytime. However, reading the register is 
asynchronous to the counter's counting, end the 
velue returned can be guaranteed ea valid only if 
the counter is stopped. The down-counter can be 
tread reliably while it is counting by first writ~ 
ing a 1 to the Read Counter Control (RCC) bit in 
the counter/timer's Command and Status register. 
This freezes the value in the Currert Count regis- 
ter until @ read of the least-significant byte is 
performed. A read of RCC indicates if the CIR is 
holding a value, ot if it is following the down- 
counter. 


4.2.8 Ending Condit jon 


The Continuous/Single Cycle (C/SC) bit in the Mode 
Specification register controls operstion of the 
down-counter when it reaches terminal count (the 
count following the count of 1). If C/SC is O 
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when a terminal coun! is reached, the count duwn 
sequence stops. If the C/3€ bat is 1 each time 
the count -duwn counter reaches 1, the next cycle 
causes the time constant value to be reloaded. 
The time constant value may be changed by the CPU, 
and on reload, the new time constant value is 
loaded. Uhis must be done with care. 


Fach time the counter reaches terminal count, 
its Interrupt Pending ({P) bit is set to 1, and if 
interrupts are enabled (TE = 1), an interrupt 
request is generated. If # terminal count occurs 
while IP is already set, an internal error flaq is 
set. As soon as IP is cleared, it is ferced lu a 
1 along with the tnterrupt) Error (ERR) flag. 
Errers What occur uffer the internal flag is set 
ure ignured. €RR is cleared lo 0 when the corre- 
sponding IP is cleared. 


4.2.5 Counter/limer Out put 


There are three duty cycles available for the 
timer/counter — out put : pulse, one-shot, and 
square-wave. Figure 4-4 shows the counter/timer 
Vaming diagrams. When the Pulse mode is speci- 
fied,. the output goes High far one cycle, begin- 
ning when the down-counter leaves the count of 1. 
In the One-Shot made, the output gues High when 
the counter/timer is triqqered and ques Low when 


the duwecounter reaches 0. 0 When Lhe square-wave 
oulput. duty cycle is specified, the counter/t imer 
qovs through two full sequences for each cycle. 
The initial trigger causes the down-counter to be 
loaded = and the osormal rount-down sequence to 
begin. «When a 1 count. is detected on the down 
counter's clocking edqe, 'he oulput ques High ard 
Lhe time constant value is reloaded. On the 
clocking edge, when beth the down-counter amd the 
output are I's, the output is forced Low. 


4.2.6 Linked Sequence 


Counter/limers J and 2 can be linked internally in 
Uhbree different ways.  Counter/limer 1's output 
(inverted) can be used as Counter/Timer 2's Lrig- 
ger, gate, or counter input. When linked, the 
counter/Limers have the same capabilities as when 
used separately. However, when they are linked, 
they should be linked befure they are en:bled. 
The only restriction is that when Counter/Timer 1 
drives Counter/limers 2's count input, Counter/ 
Timer 2 must be programmed with its external count. 
input disabled (ECE = 0). 


The initialization procedure, then, is the same as 


for individual counter/timers, except that the 
linking bits need to be appropriately set. 
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Figure 4-4. Counter/limer Timing Diagras 
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Chapter 5 
Interrupt Operation 


5.17 OVERVIEW 


Interrupts are generated whenever CPU intervention 
is required by a peripheral device. Jhree exam- 
ples of interrupt request sources in the CIO are: 
a pattern match occurring in @ bit port; another 
byte becoming available in an jinput port with 
handshake; and a counter/timer reaching its ter- 
minal count. 


The operation of the 78036 is compatible with the 
7-BUS specification (see Zilog Data Book) and all 
members of the 78000 family. The operation of the 
28536 is similar to lUhe Z-BUS specification, 
which, with @ minimum amount of external ‘logic, 
can be interfaced to a Z80 and its family of 
peripherals. 


Interrupt. operstion is affected by three things: 
the external device pins, internal register bit 
seltings, and Interrupt Acknowledge transactiun 
including veclor response. 


5.2 PRIORITY HANDLING AND THE CIO 


The CIO is designed to provide interrupt priorily 
resolul ion in situations where there may be com- 
pet.ing inlerrupt requestors. 


Interrupt priority resolution can be acomplished 
by using either a separate interrupt controller 
device or a daisy-chain. The interrupt contrat ler 
device handles priority resolution and interrupt 
request generation for all the peripherals in a 
system, In contrast, the daisy-chain structure 
uses serial daisy-chain pin connections to est ab- 
lish the priority of the interrupl devices, hus 
distribuling the derision-making among = these 
peripheral devices. he interrupt priority of a 
device is determined by its position in the daisy- 
chain. 


One of the fealures of the CIO is thal il allows 


buth of the above interrupt schemes lo be used in 
the same CPU environment. The CIO contains al! 
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the logic necessary for it to be used in both Lhe 
Z-AUS and the Z80 BUS daisy-chain interrupt struc- 
tures. This logic generates interrupts, resolves 
interrupt priority, inhibits preemption by lower- 
priority interrupts, and identifies the source of 
interrupt. The OR-PEV mode patlern recognition 
logic of the ports (see Section 3.2) allows the 
C10 to act as am interrupt controller, facilitat— 
ing the use of devices which do not have the 
hecessary interrupt lugic. (See Figure 5-1.) 
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Figure 5-1. The C10 as an Interrupt Controller 


the CLO has five potential sources of interrupts: 
the three counter/timers and Porls A and BR. The 
privrities of Ihese suurres are fixed in the fol- 
lowing order (hiqhes! tua bowest):  Counter/timer 
3, Port A, Counter/fimer 2, Port B, and Coumter/ 
limer 1.00 Since the counter/timers all have equal 


capabilities and Ports A and B have equal cepabil- 
ities, there is no adverse impact from the Fixed 
’ priorities. 


The CIO interrupt priority, reletive to other 
components within the system, is determined by the 
interrupt. daisy-chain. Two pins, Interrupt Eneble 
In (IE) end Interrupt Enable Out (10), provide 
the input and output necessary to implemert the 
daisy-chain, When IEI is pulled Low by a higher- 
priority device, the CIO cannot request an inter- 
rupt of the CPU. The IEO output is connected the 
TEI input of the next ltower-priority device on the 
daisy~chain, IE€0 is forced Low to inbibit inter- 
rupts from all Jower-priority devices. The fol- 
lowing discussion assumes that the IE€L input ie 
High. 


5.3 THE FOUR INTERRUPT LOGIC FUNCTIONS 


The CIO hes the logic necessary tos generate 
interrupts, resolve priority when there is more 
than one interrupt requestor, inhibit preemptive 
interrupte by the lower-priority requestors, and 
clearly identify the exact source of interrupt. 


5.3.1 Ganerating the Interrupt Request 


Eech source interrupt in the CIO contains three 
bits for the control and stetus of the interrupt 
logic: an Interrupt Pending (IP) bit, an Inter- 
rupt Under Service (I1US) bit, and en Interrupt 
Eneble (IE) bit. IP is automatically set when an 
event requiring CPU intervention occurs. (Chap- 
ters 3 and 4 describe in detail how a particuler 
IP is normally set and cleared.) The setting of 
IP results in an Interrupt Request (INT) output 
pulled Low if al} other conditions are met. (IP 
can also be set by @ command. this is useful when 
debugging interrupt handler software.) 


The IE bit provides the CPU with a meana of mask- 
ing off individual sources of interrupts. When If 
is set to 1, an interrupt request. is generated 
ormally. When IE is set to O the IP is masked 
off. The IP bit is still set when an event. occurs 
that would normally require service; however, Lhe 
INT output is not. pulled Low. 


The IUS status bit is set by the CPU as a result 
of the Interrupt Acknowledge cycle if, at the time 
of the Interrupt Acknowledge cycle, the corre- 
sponding IP is the highest-priority unmasked IP. 
(the details of setting and clearing IUS are 
described in Section 5.3.3.) When LWS is 3, it 
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indicates that the corresponding IP hes been 
recognized by the CPU and is being serviced. As 
long es JUS is set the corresponding IP is masked 
off and the [€0 output is forced Low. 


The Master Interrupt Enable (MIE) bit allows all 
sources of interrupts within the CIO to be dis- 
ebled without having to individually clear each If 
to O. If MIE is set to 0, all IPs are masked off 
and no interrupt. cen be requested or acknowledged. 


The IEI input is also invo}ved in the control of 
interrupt generation. If IEI is Low, it indicates 
that a higher-priority interrupt is being serviced 
(that is, a higher-priority IUS is set to 1). An 
interrupt request can be made only when IEI is 
High. 


In summary, for 8 device with one source of inter- 
rupt, INT is pulled Low end an interrupt request 
is generated only when IP and JE are 1 and IUS is 
Q, MIE is 1, and JET input ie 1. for o device 
with many sources of interrupt (for example, the 
CIG), there 4s an internal IEI-{€0 daisy-chain 
that determines the internal interrupt priority. 
The internal I€f for the -perticuler interrupt 
source must also be a 1. 


5.3.2 Priority Resolut ion 


The CPU responds to an interrupt request by gener- 
ating an Interrupt Acknowledge cycle to determine 
the source of the interrupt. The firet part of 
the cycle (from Interrupt Acknowledge [INTACK] 
falling, until Data Strobe [D5] [in the 726036] or 
Read [RO] [in the 78536) goes Low) is used to 
determine which requestor has the highest prior- 
ity. More than one device may have all the condi- 
tions satisfied for pulling INT Low. As soon ss 
the Interrupt Acknowledge begins, all devices that 
have an unmasked (IE = MIE = 1, IUS = 0) IP set 
will pull their I€0 Low. The Low will ripple down 
the daisy-chain, disabling all lower devices by 
forcing their IEIs Low. When the daisy-chain 
settles, only one source of interrupt will have an 
unmasked IP with its IEI High--this is the inter- 
rupt source being acknowledged. 


During the Interrupt. Acknowledge cycle, IPs cannot 
be set, so the daisy-chain has an opportunity to 
stabilize. To salisfy this restriction in the 
78036, IPs are set only when Address Strobe (AS) 
goes Low. In the 78536, IPs are set by PCLK 
during State O. (This is why the ACKIN input must 
be synchronous with PCLK in the 78536.) 


5.3.3 Inhibiting Preeaption by Lower-Priority 
Sources 


When DS (78036) or RD (78536) falls during an 
Interrupt Acknowtedge cycle, the IUS corresponding 
to the highest unmasked IP is automatically set to 
1. As long as IUS is set, IEO is held Low, pro- 
hibiting interrupt requests from lower-priority 
interrupt sources. Jhis guarantees that en inter- 
rupt service routine will not be interrupted to 
service a lower-priority interrupt. TUS can be 
reset to 0 only by writing to the corresponding 
Counter/Timer or Port) Command and Status reg- 
ister. It is not cleared automatically. JUS can 
be cleared before interrupt servicing is complete 
if lower-priority interrupts wish to be recog- 
nized. However, IP must be cleared or a second 
interrupt request will be generated, 


The Disable Lower Chain (DLC) bit is included to 
allow the CPU to modify the system daisy-chain. 
When the DLC bit is set to 1, the CIN's IE0 is 
forced Low (independent of the state of the CIO or 
ite I€I input) and interrupts from all lower~ 
priority devices are disabled. 


Deisy-chain operation is handled different ly 
between the 28000 peripherals and the 780 periph- 
erals--however, they are compatible. (Refer to 
Interfacing 8500 Peripherals to the 7280, Micro- 
computer Applications Reference Book, document 
#00-2145-01). The CIO forces IE0 Low when IfI is 
Low, or when an TUS is 1 (except during an Inter- 
trupt Acknowledge cycle with ean unmasked IP = 1 
hen IEO is also forced Low). 


The Z80 peripherals (CIC, PIO, DMA, and SIO) nor- 
mally force IE0 Low if IE1 is Low, or if either IP 
or IUS is set. However, they use the 780 Return 
from Interrupt Instruction (RET] Dy - 404) to 
sutomatically clear the highest IUS set. To 
implement this when an ED is decoded as the first 
byte of an instruction fetch, 780 peripherals 
inhibit IP from affecting the daisy-chain. 


Although the daisy-chains are different, during 
critical times (during an Interrupt Acknowledge or 
when a REIT instruction is executed); they are the 
same and are therefore compat ible. 


5.3.4 Ident ification of the Highest -Priority 
Interrupt. Request; The Use of Vectors. 


As part of the Interrupt Acknowledge cycle, thr 
ClO is capable vf responding with an 8-bit 
interrupt vector that specifies the highest - 
priority intercupl requestor (sre lable 5-1). The 


Table 5-1. Interrupt Vector Encading if 
Vector Includes Stetus 


Port Vector Stetus 


OR-Priority Encoded Vector Mode: 


Dy D2 Dy 

x x x Number of higheat- 
priority bit with 
a match 

All Other Modes: 

Dy 02 04 

ORE TRF PME Normal 

Q 0 0 Error 


Couter/Tiaer Status 


02 04 

0 0 Counter/Timer 3 
0 1 Counter/Timer 2 
1 0 Counter/Timer 1 
1 1 Error 


vector is output when DS (28036) or RD (28536) 
goes Low and IUS is set, The ident ification 
vector is a key item of the 278000 Family interrupt 
handling logic. It speeds the information passing 
and can, if desired, include additional status 
information identifying the cause of the interrupt 
well as the source ident ification. 


The CIO contains three vector registers: ane for 
Port A, one for Port f, and one shared by the 
three counter/t imers. Unique ident ificat ion 
information car be placed by the user in the 
Interrup! Vector register for each interrupt 
source needed during initialization. The vector 
output can be modified to include statug infurma- 
tion to pinpoint the cause of interrupt. A Vector 
Includes Status (VIS) control bit controls whether 
or not the veclor includes status. 


Fach base vecior has its own VIS bil) and is con- 
trobled independently. When MIF = 1, reading the 
base vertor register alwaya includes status, inde- 
pendent of the state of the VIS bit. Atl the 
information obtained by the veefor, ise tudiag 
status, can thus be obtained wilh ane addit ional 
instruction when VIS is set te 0. When MIF = 0, 


reading the vector register returns the unmodified 
base vector so that it can be verified. 


Another register, the Current Vector register, 
facilitates the use of the C10 in a polled 
environment, When read, the data returned is the 
same as the interrupt vector that is output in an 
Interrupt Acknowledge, based on the highest- 
priority IP set. If no unmasked IPs are set, the 
value FFy is returned. The Current Vector reg- 
ister provides a simple way to poll al) IPs in a 
single read. 


The No Vector (NV) control bit of the Mester 
Interrupt Control register, when set to 1, inhib- 
its the outputting of an interrupt vector during 
an INTACK cycle. The NV bit does not affect the 
setting of the IUS operation. The only thing that. 
the NY does is prevert the vector from being 
output on the bus. 


5.4 Z-BUS INTERRUPT OPERATION 


Figure 7-5 displays Interrupt Acknowledge timing. 
The 78036 qgeneretes oan interrupt request by 
lowering the INT line only if: 


@ Such interrupt requests are enebled (IE is 1, 
MEL is 1). 

e It hea an interrupt pending (IP = 1). 

e It does mot have oan interrupt under service 
(1uS is 0). 

@ No higher-priority interrupt is being serviced 
(IE is 1). 


Figure 5-2 shows 8 typical 7-BUS interrupt 
arbitration setting. 


IEO is not pulled down by the Z6036 at this time; 
1E0 continues to follow IEE until an Interrupt 
Acknowledge transact ion occurs. 
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Figure 52. 7-BUS Interrupt Arbitration 
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Some time after INT has been pulled Low, the CPU 
initiates an Interrupt Acknowledge transact ion. 
Between the rising edge of AS and the Falling edge 
of Ds, the IEL/1IE0 daiey-chain esttles. Any Z-8US 
peripheral with one of its interrupts pending (IP 
is 1) or one of ite interrupts under service (1US 
is 1) holds its EQ line Low; all others make IEO 
follow IEI. 


When BS falls, only the highest-priority interrupt 
source with # pending interrupt (IP is 1) hee ite 
TEL input High, ite IE bit set to 1, and ite 1US 
bit est to 0. This is the interrupt source being 
acknowledged, and at this time it sets ite IUS bit 
to 1. If its NV bit is 0, the 260% identifies 
itself by placing its interrupt vector from the 
corresponding interrupt vector register onto 
eddreas/date Lines ADp-AD7. If NV is 1, the 26036 
ADg-ADz lines remain floating, allowing externel 
logic to supply e vector. (All 2-8US interrupts 
require a vector to idertify the requesting 
device.) 


If the corresponding Z603%6 VIS is 1, the vector 
alec contains status information, (see Table 5-1) 
which further identifies the source of the 
interrupt within the 726036. IF VIS is 0, the 
vector held in the interrupt vector register is 
output without status included (base vector). 


5.5 NON-Z-BUS INTERRUPT OPERATION 


Figure 6-5 shows the non-Z-8US Interrupt Acknowl- 
edge cycle timing. Figure 5-3 displays a 280 sys- 
tem using 28500 and 280 devices. (Section 8.5 
describes generat ion of INTACK from 280 signale.) 
Figure 5-4 show the external logic required for 
interfacing Z80 to 78500 peripherals. 


For the 28536, the IP bit is not set while the 
device is in State 1 (Refer to Section 2.3 for a 
description of stete conditions.) Therefore, to 
minimize interrupt latency, tha 28536 should not 
be Ieft in State 1. 


The 28536 generates an interrupt requeet by lower- 
ing the INT line only ifs 


e Such interrupt requests are enebled (IE ia 1, 
MIE is 1). 

e@ It has an interrupt pending (IP = 1). 

e It does not have sn interrupt under service 
(1US is D). 

@ No higher-priority interrupt is being serviced 
(IE ie 1). 


TEG is not pulled down by the 78536 at this time; 
1E0 continuss to follow [£1 umtil an Interrupt 
Acknowledge transact ion occurs. 


ZOO-XAXX 


Figure 5-3. Non Z-Hus Interrupt Arbilret ion 
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Some time after INT haa been pulled Low, the CPU 
initiates an Interrupt Acknowledge transaction. 
Between the falling edge of INTACK and the falling 
edge of RD, the TEI/1EO daisy-chain settlea. Any 
peripheral with one of its interrupts pending (IP 
is 1) or one of its interrupts under service (1US 
is 1) hotds its IEO line Low; atl other conditions 
make IEO follow TEL. 


when RD falls, only the highest-priority interrupt 
source with a pending interrupt (IP is 1) has ite 
f€1 input High, its TE bit set toa 1, and its IUS 
bit set to 0. This is Lhe interrupt source being 
acknowledged, and at this point it sets its IUS 


bit to 1. If its NV bit is 0, the 28536 ident i- 
fies itself by placing its interrupt vector from 
the corresponding interrupt vector register on 
data lines Dg-D7. If NV is 1, the 28536's Dg-D7 
lines remain floating, allowing external logic to 
supply e vector. 


If the 28536 VIS is 1, the vector slso contains 
status informetion (see Table 5-1) which further 
identifies the source of the interrupt within the 
78536. If VIS is 0, the vector held in the inter- 
rupt. vector is output without status included 
(base vector). The bit codes are in Section 
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Figure 5-4, WAIT end INTACK Generation Logic 
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Chapter 6 
2-CI0/CIO Initialization 


6.1 INTRODUCTION 


This chapter discusses reset, initislization, and 
programming for both the 78036 2-CIO0 and the 78536 
cio. 


The normal sequence for initializing thie device 
is simple and straightforward: 


1, Reset the device 

2. Clear RESES 

3. Program the various funct jons 
4. Set the appropriate Enable bits 


NOTE 


Reset operetions are substantially 
differant in the 78036 and the 26536 
and are therefore discussed separately. 


6.2 18036 (7-10) RESET 


The 26036 is reset by forcing AS end D6 Low 
simultaneously (normatly an illegal operation), or 
by writing a 1 to the Reset bit (Dg) in the Mester 
Interrupt Control register. After the Z80% is 
reset, 8 Read or Write to the Reset bit is the 
only responsive command available~-writes to all 
other bits (in all other registers) are ignored 
and all reads return Os. In this state, all 
control bils are forced to O (see Chapter 2 for 
details), ol] port 1/0 lines are high-impedance, 
the interrupt pin is not esserted, and the 
Interrupt Enable Qut (1E0) pin follows the 
Interrupt Enable In ({f€1) pin. Only after 
clearing the Reset bit (by writing » O to it) can 
the other command bite be programmed, 


6.3 78536 (CIO) RESET 


The 28536 is reset by forcing RD and WR Low 
simultaneously (normally an illegal condition), or 


by writing @ 1 to the Reset bit (Dg) in the Master 
Interrupt. Control register, RESE! disables all 
functions except a read or write to the React 
bit. In the reset state, the pointer always 
points to the Master Interrupt Control register 
{see the state diegram shown in Figure 6-1). 
Writes to all other bits sre ignored, and all 
teads return Oty. In this state, all control 
bits sre forced to 0 (see Chapter 2 for details), 
all post 1/0 lines are high-impedance, the 
interrupt pin ia not asserted, and the IEQ pin 
follows the IE} pin. The other commend bite can 
be programmed only after clearing the Reset bit by 
writing a 0 to it. 


Even if the state of the 28536 is not known, the 
following sequence will reset it and put it in 
State 0. 


IN A, (CIOCTL) ; INSURES STATE 0 OR RESET STATE 
iD A, oO 

QUT (CIOCTL), A ;WRITE POINTER OR CLEAR RESET 
IN A, (CIOCTL) ;STATE O 

LO A,O REG O--MASTER INTERRUPT CONTROL 
OUT (CLOCTL), A sWRITE POINTER 

uD A,? 

OUT (CIOCTL), A ;WRITE RESET 

LD A,O 

OUT (CIOCTL), A ;CLEAR RESE! 


6.4 ENABLE BITS OPERATION 


As the different functions of the device are being 
initially programmed, it is possible for erroneous 
interrupt requests to be generated, or for an 
illegal combination of modes to be temporarily 
specified. To alleviate this problem without 
imposing severe restrictions on the sequence of 
events required to initialize the device, five 
internal enable control bits are provided: Port A 
Enable, Port B Enable, Counter/limer 1 Eneble, 
Counter/fimer 2 Ensble, and one enshle shared by 
Counter/Timer 3 and Port. C, While these bits are 


clesred lo 0, the corresponding logic sections are 
in en initialization mode. AL! of the registers 
can be read and written, but the normal operat ion 
of the sections is inhibited. The Port A and Port 
6B Enables, when cleared to 0, Force their respec— 
tive 1/0 lines into a high-impedance state, hold 
the 1's cetchers in s reset condition, inhibit 
REQUEST /WAIT. generation, and prevent the setting 
of their Interrupt Pending (IP) bits (the states 
of IP and Interrupt Under Service (1US) ere not 
affected). Additionally, output date can be writ- 
ten (the first data output is valid when the out- 
put drivers go active), but the data direction for 
these bits must be properly specified before the 
data is written. The Port C Enable operstes in 
the same way, and, until set to 1, the handshake 
logic for Ports A and B is forced into on idle 
stute. The Counter/Timer Enables, when set. to 0, 
terminate any countdown sequence in progress, 
inhibit the counter/timer from being triggered, 
and furce the counter output to 0. While the 
enable is 0, the Read Counter Control (RCC) bit in 
the Counter/Timer Command and Status register is 
forced to 0. Independent. enable bits are provided 
for the different sections of the device so that 
the individual sections can be reconfigured with- 
out disturbing the status of the unchanged sec- 
‘ions. By using these enable bits, the device can 
be initialized in any sequence as long es the 
desired configuration for a section is specified 
before its enable bit is set to 1. When ports or 
counter/timers are to be linked, the bits which 
specify linking must be programmed before the 
functions sere enadled. In this case two writes 
are required tu the Master Configuration Cont rol 
register. 


6.5 PROGRAMMING 


Programming the C10 entails loading control regis- 
ters with bits to implement the desired opera- 
tion. As discussed sbove, individual enable bits 
are provided for the various major blocks so that 
erroneous uperations do nut. occur while the port 
is being initialized. fefore the ports are 
enabled: IPs cannot. be set, REQUES! and WATT can- 
not be asserted, and al! outputs remain high- 
impedance; the handshake lines are ignored until 
Port C is enabled; and the counter/timers cannot 
be triggered unlil their enable bits are set. 


6.5.1 Programming the 28036 


Programming the Z8036 is simple, because every 
register is direclly addressable--a key advant age 
of the multiplex Address/Dals bus. 


The 78036 allows two schemes for register 
addressing. Both schemes use only six of the 
eight bits of the Address/Date bus. Ihe scheme 
used is determined by the Right Justify Address 
(RJA) bit in the Master Interrupt Control 
register. When RJA equals 0, Address bus bits 0 
and 7 are ignored, and bits 7 through 6 are 
decoded for the register address (Ag is derived 
from AD,). When RJA equals 1, bits 0 through 5 
sre decoded for the register address (Ag is 
derived from ADg). 


6.5.2 Programing the 28536 
The Osta Registers of Ports A, B, and C are di- 


Tectly addressed by pins Ag and Ay, #8 shown in 
Table 6-1. 


Table 6-1. 28536 Data Register Addresaing 


yy %y Register 

oO 0 Port C Date Register 
0 4 Port B Date Register 
| 0 Port A Data Register 
1 1 Control Registers 


All other internal registers are accessed by the 
following two-step sequence (with pins Ap = Aq = 
1). First write the address uf the targel regis- 
ter to an inlernal 6-bit Pointer register, then 
read from or write to the target. register. The 
Date registers can alsu be accessed by this 
met hod. 


In the 78536, an internal state machine determines 
if mcess (with pins Ag = Ay = 1) is to the 
Pointer register or to an internal control reqis- 
ter (See Figure 6-1). Following any contro! read 
operation the state machine ‘is in State 0, and the 


next control access is to the Pointer register. 
This cen be used to force the state machine into a 
known state. Control reads in State 0 return the 
contents of the lest register pointed to. 
Therefore, @ register can be reed cont inuously 
without writing to the pointer. 


While the 28536 is in State 1, the next control 
eccess is to the register pointed to, which 
returns the state machine to State 0. Note that 
when in State 1, many internal operations are 
suspended--no IPs are set and internal status is 
frozen. Therefore to minimize interrupt lstency 


snd to allow continuous etetue updates, the 28536 
should NOS be left in Stete 1. 


Figure 6-1. 78536 Stete Machine Operat jon 
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Chapter 7 
28036 (Z-CIO) Interfacing 


7.1 INTRODUCTION 


This section provides information on pin functions 
and assignments and functionel timing disgrams for 
the 76036 7-CI0. 


7.2 FEATURES 


The following features of the 28036 are not obvi- 
ous without reference to the ac timing disgrams in 


the 728036 Product Specification, document 
#00-2014-A0. 


e@ The Address Strobe (AS) input functions as the 
clock of the 28036. If the AS stops, then data 
does not get clocked in or through the device, 
IPs are not set, etc. Care should be taken in 
the design of the system to ensure that AS to 
the 28036 is not blocked. 


e The assertion of REQUEST is synchronous with 
PCLK, 


e The release of WAIT is sychronous with PCLK. 


e PCLK is only used with the counter/timers (in 
timer mode), the deskew timere, and = the 
REQUEST/WALT logic. If these functions are not 
used, the PCLK input can be held Low. 


7.3 PIN FUNCTIONS AND ASSIGNMENTS 


The 26036 is configured for Z-BUS interface con- 
trols and timing. The pin functions snd assign- 
ments are shown in Figures 7-1 and 7-2. Section 
7.4 is a description of the pin functions for the 
78036, 


7.4 PIN DESCRIPTIONS 


ADy-AD7 . 7-BUS Address/Dats lines (bidirec- 
tional/3-stete), These multiplexed Address/Data 


ADDRRBSIDATA PORTA 
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Figure 7-1. 780% (2-C10) Pin Funct ions 


Figure 7-2. 780% (7-€10) Pin Assignments 
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lines are used for transfers between the CPU and 
2-10. 


AS*, Address Strobe_(input, active Low). Ad- 
dresses, INTACK, and (Sq are sampled while AS is 
law. 


[Sq and (Sy. Chip Select 0 (input, active Low) 
snd Chip Select. 1 (input, active High). (Sq and 
CS must be Low and Highs respect ively, in order 
to select a device. (Sg is lalched by AS. 


OS. Data Strobe (input, active tow). 58 provides 
timing for the transfer of data infu or out of the 
78036. 


TES. interrupt Enable In (input, active High). 
[Fl is used with [EQ fa form an interrupt deisy 
chain when there is more than one interrupt-~driven 
device. A High iff indicates that no other 
higher-priority device has an interrupt under ser- 
vice or is requesting an interrupt. 


te. Interrupt Ensble te (output, active 
High). IE0 is High only if IER is High and 
either: 


(1) the CPU is not servicing an interrupt from the 
cia, or 


(2) during an Interrupt Acknowledge Cycle, the CIO 
is not requesting an interrupt. 


1EQ is) connected to the next lower-priority 
device's IEI input and thus inhibits interrupts 
from lower-priority devices. 


INT. Interrupt Request (output, open-drain, 
ective Low). This signal is pulled Low when the 
78036 requests an interrupt. 


INTACK. Interrupt Acknowledge (input, active 
tow). This signal indicates tu the 78036 thet an 
[nterrupt. Acknowledge cycle is in progress. 
INTACK is sampled while AS is Low. 


PAg-PA7- Port A 1/0 lines (bidirectional, 3~- 
slate, or open-drain). These eight 1/1 lines 
transfer information between Lhe 28036's Port A 
and external devices. 


PGg-PB7. Port B 1/0 lines (bidirectional, 3- 
state, of open-drain). hese eight [/0 lines 
transfer information between the 76036's Port 8 


and external devices. They may also be used to 
provide external access to Counter/Timers 1 and 2. 


PCy-PC3. Port C T/0 lines (bidirectional, 
S-state, or open-drain). These four 1/0 fines are 
used to provide handshake, WAIT, end REQUEST Lines 
for Ports A and B; to provide external sccess to 
Counter/Timer 3; or to access Port C-of the 28036. 


PCLK. (input, Til-compst ible). This is a peri- 
pheral clock that may be, but is not neceassrily, 
the CPU clock. It is used with timers and 
REQUEST/WAIT logic. : 


RAW. = Read/irite (input). R/M indicates that 
the CPU is reading from (High) or writing to (Low) 
the 280%. 


@ When AS and DS are detected Low at the same 
time (normally en illegal condition), the Z-C10 
is reset. 


7.5 10036 (2-C10) READ CYCLE TIMING 


The CPU places an sddress on the Address/Dsta 
bua. The most-significant bite and status infor- 
mation are combined and decoded by external logic 
to provide two Chip Selects (Bp and €S,). Six 
bite of the least-significant byte of the address 
are latched within the 28036 and used to specify a 
78036 register. The data from the register speci- 
fied is atrobed onto the Address/Data bus when the 
CPU issues a 05. If the register indicated by the 
address does not exist, ths 78036 remains high- 
impedance. 


Figure 7-3. 780% (Z-CI0) Read Cycle Timing 
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Figure 7-4. 780% (Z-C10) Write Cycle Timing 


7.6 ZO036 (Z-CIG) WRITE CYCLE TIMING 


The CPU places an address on the Addrese/Date 
bus. The most-significant bite and status infor- 
mation are combined and decoded by external logic 
to provide two Chip Selects (Sg and €5,). Six 
bits of the laast-significant byte of the address 
are letched within the 28036 and used to specify a 
76036 register. The CPU plecea the date on the 
Address/Data bun and strobes it into the 28036 
register by issuing a 0S. 


7.7 28036 (2-CIO) INTERRUPT ACKNOWLEDGE TIMING 


When one of the IP bite in the 26036 goes High and 
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interrupts are enabled, the 78036 pulls its INT 
output line Low, requesting an interrupt. The CPU 
responds with an Intercupt Acknowledge cycle. 
When INTACK goes Low with IP eet, the 28036 pulls 
its I€0 Low, disabling all lower-priority devices 
on the deisy-chain. The CPU reade the 28036 
interrupt vector by isauing « Low DS, thereby 
strobing the interrupt vector onto the Addrees/ 
Date bus. The [US that corresponds to the IP is 
slso set, which cavees IEO to remain Low. 


“IRTEEK «& DECODED FROM Zp00G STATUS 


Figure 7-5. 78036 (Z-£10) Interrupt Acknowledge 
Timing 


Chapter 8 
28536 (CIO) Interfacing 


8.3 INTRODUCTION 


This section provides information on pin funct ions 
and assignments and functional timing diagrams for 


DATA PORTA 
the 26536. aus 
6.2 FEATURES 
contaot, pont c 
The following features of the 728536 are not awn RESET 
obvious without reference to the ac timing 
diagrams in the 26536 Product Specification, 
document. #00-2021-A0. iTRRAUPT ee 
© The state machine conventions relating to pro- 
gramming and register addresssing (see Section 
6.5.2) must be fol lowed. 
e@ PCLK can be esynchronous with respect. to the ROUSE ANG, 
CPU--it does not have to be the same as the 


CPU. However, a minimum of three PCLK cycles Figure 8-1. 785%6 (C10) Pin Funct lone 
must occur between two successive accesses of , 
the 76536 (thet is, between the end of the 
first eccess and the beginning of the second 
access). 


e@ The INJACK input is synchronous, that is, 
INTACK and PCLK havea relationship that must 
be maintained. 


e@ The assertion of REQUEST is synchronous with 
PCLK. 


e Uhe release of WAIT is synchronous with PCLK. 


6.3 PIN FUNCTIONS AND ASSIGNMENTS 


The 28536 is confiqured for general microcomputer 
interface controls and timjng. the pin Funct ions 
and assignments are shown in Figures 8-1 and 6-2. 
Section 8.4 is a description of the pin funct ions Figure 8-2. 78536 (CIO) Pin Assigwertes 
for the 78536 C10. 
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8.4 PIN DESCRIPTIONS 


Ag-Ay- 9 Address Lines (input). These two lines 
are used lo select the register mvolved in the 
CPU transaction: Port A's Data register, Port B's 
Data register, Port C’s Dala register, or a con- 
trol register. 


Ce. Chip Enable (input, active Low). A Low level 
on Lhis input enables the 786536 to be read from or 
writlen lo. 


Op-07- Osta Bus (bidirectional, 3-state). These 
eight, data lines are used for transfers between 
the CPU and the CIO. 


TEL, Interrupt Enable In (input, active High). 
TEL 19 used with I€0 to form an interrupt daisy- 
chain when there is more than one interrupt-driven 
device. A High IEL indicates that no other 
hagher-priority device has an interrupt under 
service or 319 requesting an interrupt. 


1€0. Interrupt Enable Out (output, ective 
High). 1£0 ws Haigh only af JEL 18 High and 
eather: 


(1) the CPU is not serving an interrupt from the 
C10, or 


(2) during an Interrupt Acknowledge cycle, the C10 
1s not requesting an interrupt. 


TEQ is connected to the next lower-priority 
device's I€1 anput and thus inhibits interrupts 
From lower-priority devices. 


Iwr. Interrupt Request (output, open-drain, 
active tow). This signal is pulled Low when the 
78536 requests an interrupt. 


TNTACK. Interrupt Acknowledge (input, ective 
Low). This input indicates to the 78536 that an 
Interrupt Acknowledge cycle is in progress. 
INTACK must be synchronized to PCLK, and it must 
be stable throughout the Interrupt Acknowledge 
cycle. 


PAg-PAz. Port A 1/0 lines (bidirectional, 3- 
stete, or open-drain). These eight 1/0 Lines 
transfer information between Lhe CIO's Port A and 
external devices. 


PBy-P87- Port 8 1/0 lines (bidirectional, 3- 
state, or open-drain). JUhese eight 1/0 lines 
transfer information between the Z8536's Port B 
and external devices. They may also be used to 
provide external access to Counter/Timers 1 and 2. 


PCg-PCy. Port € 1/0 lines (bidirectional, 3- 
stete, or open-drain). These four I/0 lines are 
used lo provide handshake, WAIT, and REQUEST lines 
for Ports A and B; external access to Counter/ 
Timer 3; or access to the 28536's Port C. 


PCLK. Peripheral Clock (input, 1-compet ible). 
Thais 1s the clock used by the internal control 
logic and the counter/timers in timer mode. (It 
does not have to be the CPU clock.) 


RO*, Read (input, active Low). This signal 
indicates that a CPU is reading from the CIG. 
During an Inter cupt Acknowledge cycle, this signal 
gates the interrupt vectur onto the Data bus if 
the 78536 1s the highest-priority device 
request ing an interrupt. 


WR*. Write (input, ective Low). This signal 
indicates a CPU write to the 78536. 


* When RD and WR are detected Low at the same 
time (normally an illegal condition), ths 28536 
is reset. 


8.5 28536 (C10) READ CYCLE TIMING 


At the beginning of a read cycle, the CPU places 
an address on the Address bus. Bits Ag and Ay 
specify a 28536 register; the remaining address 
bite and status information sre conbined and 
decoded to generate a Chip Enable (CE) signal that 
selects the 278536. When Read (AD) goes Low, data 
from the specified register is gated onto the Data 
bus. 


Figure 8-3. 78536 (C10) Read Cycle lieing 
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Figure 8-4. 78536 (CIO) Write Cycle timing 


8.6 26536 (CIO) WRITE CYCLE TIMING 


At the beginning of a write cycle, the CPU places 
an eddress on the Data bus. Bite Ag and Ay 
specify a Z8536 register; the remaining sddress 
bits and status information sre combined and 
decoded to generate a Chip Eneble (TE) signal that 
selects the 28536. When WA goes Low, data placed 
on the bus by the CPU is strobed into the 
specified 78536 register. 


8.7 78536 (CIO) INTERRUPT ACKNOWLEDGE TIMING 


The Z8536 pulle ate Interrupt Request (INT) line 
Low, requesting interrupt service from the CPU, if 


an Interrupt Pending (IP) bit ia set and inter- 
rupts are enabled. The CPU responda with an 
Inteccupt Pending (IP) bit is set and interrupts 
are enabled. The CPU responds with an Interrupt 
Acknowledge cycle. When Interrupt Acknowledge 
(INTACK) goes active and the IP is set, the 28536 
forces Interrupt Enable Out (IE0) Low, disabling 
all lower priority devices in the interrupt 
daisy-chain. IF the CIO is the highest priority 
device requesting service ({€1 is High), it places 
its interrupt vector on the Data bus and sets the 
Interrupt Under Service (1US) bit when Read (RO) 
goes Low. 
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Figure 8-5. 78536 (CID) Interrupt Acknowledge 
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Appendix A 


C10 WEMONICS 


é1p 

CInt 

CI3E and PCE 
Cl vis 


OVE/LPH 


ce 
£GE 
OE 
ERR 
ETE 


GcB 
HTS 


ita 
Iel 
1t0 
IMO 
INT 
TNTACK 
1/0 

Ip 

IRF 

11B 
1s 


Acknowledge Input 
Address Strobe 


Cont inuous/Single Cycle 
Counter/Timer, Parallel Input/Output 
Unit 

Count In Progrese 

Counter/Timer n Eneble 

Counter/Timer 3 and Port C Enable 
Counter/Timer Vector Includes Status 


Oats Accepted 

Date Available 

Duty Cycle Selects 

Data Direction register 
Disable Lower Chain 

Direct Memory Accese 

Data Path Polarity register 
Dats Strobe 

Deskew Timer Enable 

Deskew Timer Enable/Latch on Pattern 
Match 


External Count Enable 
External Gate Enable 
External Output Enable 
interrupt Error 
External Trigger Enable 


Gate Command Bit 
Handshake Type Specification bite 


Interrupt Enable 
Interrupt Enable In 
Interrupt Enable Out 
Interrupt on Match Only 
Interrupt 

Int errupt Acknowledge 
Input /Out put. 

Interrupt. Pending 
Input Register Full 
Interrupt on Iwo Bytes 
Interrupt Under Service 


tc 
LPM 
LSB 


MIE 
MSB 


Nw 


OR-PEV 
ORE 


PA 

PA VIS 
PAE 

PB 

PB VIS 
PBE 

PC 

PCE 
PCLK 
PLK 


VIS 


1's Catcher 
3-Wire 


Counter/Timer Link Controle 
Latch on Pattern Match 
least -significant bit 


Master Interrupt Enable 
most-significart bit 


No Vector 


OR-Priority Encoded Vector 
Output Register Empty 


Port A 

Port A Vector Inciudes St atue 
Port A Enable 

Port 8 

Port 8 Vector Includes Status 
Port B Eneble 

Port C 


Port C Enable 

Peripheral Clock 

Port Link Control 

Pattern Mask registers 

Pattern Match Flag 

Pattern Mode Specification bits 
Pattern Polarity registera 
Pattern Transition registers 
Port Type Selecta 


Read Counter Control 

Retrigger Enable Bit 

Ready for Data 

Right Juat ified Address 

Read Mrite 

REQUEST/WATT Specification bits 


Single-Buf fered 
Special Input /Output 


Trigger Command Bit 
Vector Inctudes Status 


One's Catcher 
3-Wire Handshake (TEEE-486) 


Appendix B 


Registers 
Master Interrupt Contro! Register 
Address: 000000 
(Read/Write) 


MASTER INTERRUPT | | RESET 
ENABLE (MIE} 
— PONT JUSTIFIED ADDRESSES: 
O« SHIFT LEFT tg tom AD) 
1 RIGHT JUSTIFY (Mp trom ADg) 


+= + + COUNTEATIMERS VECTOR 
INCLUDES STATUS (CT VIS} 


DISABLE LOWER CHAIN (DLC) 
‘NO VECTOR (NY) 


PORT A VECTOR INCLUDES. 
STATUS (PA VIS} 
> + PORT 8 VECTOR INCLUDES 

STATUS (PB VIS) 


PORT C AND COUNTER! 


Master Configuration Contro! Register 


2 OOOOOE 
d/W rite) 
fete] 1.'D,1D, O, 0, Dy 
PORTE J Ls COUNTERITIMER LINK 
ENABLE (PE) CONTAOLS tC) 
ter co 
CORNAMEICTIN DO COUNTERITINERS INDEPENDENT 
eas q 0 1 Gilts Surbut GATES CIT 2 
+O CHT 1's OUTPUT TRIGGERS Crt 2 
ber eiber bial iaby 44 Git Hs OUTPUT is cre 
ENABLE (CT2E) COUNT INPUT 


—~ ORT A ENABLE (PAE) 
TIMER 3 ENABLE 
{PCE AND CT3E) ra 


+ PORT LINK CONTROL IPLC) 
0x PORTS & AND 8 OPEAATE INDEPENDENTLY 
1+ PORTS A AND 6 ARE LINFEN, 


Figure B-1. Master Contro! Registers 


Port Mode Specification Registers 
Addresses: 100000 Port A 
101000 Port B 
(Read/Write) 


[> To.Te.[o.[o.]o, [o,]oe] 


Port Handshake Specification Registers 
Addresses: 100001 Port A 
101001 Port B 
(Read/Write) 


5,70," D, BD, 0, 


PORT TYPE i] L LATCH ON PATTERN MATCH (LPI) HANDSHAKE TYPE SPECIFICATION ale L DESKEW TIME SPECIFICATION 
SELECTS (PTS) Genta saath pine ere BITS (HST, BTS 
a SPECIFIES THE MSB's OF 
w1ss Prso (HANDSHAKE MODES} WETEHSI0. DESKEW TIMER TIME CONSTANT 
° 0 Bit PoRT © 0. INTERLOCKED HANDSHAKE tse 1s FORCED 4 
© t dNPUT PORT ~—~-—~ PATTERN MODE SPECIFICATION 0 1 STROBED HANDSHAKE 
+ 9 OUTPUT PORT BITS (PMS) 1 - PULSED HANDSHAKE 
+f BIDIRECTIONAL ones ohne. + 1 THREEWINE HANDSHAKE 
on © OISABLE PATTERN MATCH 
INTERRUPT ON Two. ——- + “ANO"MODE REQUESTIWAIT SPECIFICATION BITS 
BYTES (ITB @ OR" MODE inerst 
+ ~Ohemontty ENCODED AWS? AWS! RWSO FUNCTION 
SINGLE BUFFIRED | - — —-—- RECTORS ODE Q © «= -0-—sREQUEST/WANT DISABLED 
wane sm) . e o 1 QUTPUT Wait 
INTERRUPT ON MATCH OMLY (10) so: ¥  gurPur wa 
1 0 0 SPECIAL REQuesT 
4 03s OurPuT ReauEst 
1 ‘ 1 (HPUT REQUEST 


Port Command and Status Registers 
Addresses: 001000 Port A 
001001 Port B 
(Read/Parlial Write) 


INTERRUPT UNDER ~ | | INTERRUPT ON ERROR (1OE) 
seavice wus)! 
HIERRUPT-ENABLEUEY So, PATTERN MATCH FLAG (PMF) 
sa (READ ONLYD 
INTERRUPT PENDING (tP) 
- os =+ INPUT REGISTER FULL (IRF) 
WS If AND IP ARE WRITTEN USING {READ ONLY 
IMF FOLLOWING CODE 
OUIPUT REGISTER EMPTY (ORE) 
NT CODE ojalto 1READ ONE YD 
citanwanws Pofols 
wens folsta 
cUrAn Ms ‘ 
sit ® 
ctw : 
sett o 
ChUAR IE 1 


(* TEARUPT ERROR (ERA) 
(READ ONLY) 


Figuro B-2. Port Specification Registers 


Registers Data Path Polarity Registers Data Direction Registers 
(Continued) Addresses: 100010 Port A Addresses: 100011 Port A 
101010 Port B 101011 Port B 

00010! Port C (4 LSBs only) 000110 Port C (4 LSBs only) 


(Read/Write) (Read/Write) 
[or [o.[°.[2]®]>]°) [e JoJo]. To. [o. To. [o] 
Se cau aa 
Tm INVERTING 1 = INPUT BIT 
Special 1/O Control Registers 
Addresses: 100100 Port A 
101100 Port B 
000111 Port C (4 LSBs only) 
(Read/Write) 


CACHES 
| coe SPECIAL INPUTIOUTPUT (810) 


= NORMAL INPUT OR OUTPUT 
1 = OUTPUT WITH OPEN DRAIN OR 
INPUT WITH 18 CATCHER 


Figure B-3, Bit Path Definition Registers 


Port Data Registers Port C Data Register 
Addresses: 00110) Port A oa Address: 001111 
001110 Port B (Read/Write) 


Read/Writ 
(ead/ elle) EACSCSCUCHCSCALS 
EACICHCACSCSCACS 


4030 

Seward OF CONMEBPONDIG LOB EMARLED 

Te WRITING OF COARES® ONDING [98 MHIBITED 
(READ RETUANE 1} 


Figure B-4. Port Data Registers 


Pattern Polarity Registers (PP) 
Addresses: 10010) Port A [e:[%]o.[o fos] >} 0, ]o] 


10110) Port B I 


(Read/Write) 


Pattern Transition Registers (PT) 


Addresses: 100110 Port A [ex[eTesTo.[esesTe[] | rm vt ee arrenw arecincarion 
101110 Port B Ot ANY TRANSITION 
(Read/Write) +8 ot OMe 
{ : OME TO-ZERO TRANSITION () 


ZERO-3O-ONE TRANSITION 


Pattern Mask Registers (PM) 
Addresses: 100111 Port A fe,[e.]>. Jo.f°[°.[o.]o] 


101241 Port B 


(Read/Write) 


Figure B-5, Pattern Definition Registers 
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Registers Counter/Timer Command and Status Registers 
(Continued) Addresses: 001010 Counter/Timer | 
001011 Counter/Timer 2 
001100 Counter/Timer 3 
{Read/Partial Write) 


[o- Joo] [o.T>.]o.[o.[o} 


L COUNT W PROORESE (CIM) 
{READ OMLY) 
TRIGGER COMMAND Br (TCR) 
(WRITE ONLY - READ RETUANS @ 
INTERRUPT PENDING OF) GATE COMMAND BIT (OCB) 


EAD COUNTER CONTROL IACC) 
(READVBET ONLY — 
CLEARED BY READING COA LED) 


(UB, IE, AND (> ARE WRITTEN UENO. 
THE FOLLOWNG CODE: 


NULL CODE 
CLEAR BU 
seria 
CLEAR WB 
ar 
CLEAR 
serie 

CLEAR IE 


WOTEARUPT ERROR, {en 
(READ ONL 


Counter/Timer Mode Specification Registers 
Addresses: 011100 Counter/Timer 1} 
011101 Counter/Timer 2 
011110 Counter/Timer 3 
(Read/Write) 


onerous spy J abe ourpur oury crete 
aug crete SELecTs (OCH 
SXTERWAL OUTPUT OGNT OG ee seo 
' sea be 1b See oehoue 
UNABLE (ECR) 4 9 DONOT BrEciFY 
EXTERNAL TRIGGER AETROGGER ENABLE BIT (REZ) 


anaste 
a, EXTERNAL GATE CNABLE (0B) 


Counter/Timer Current Count Registers 
Addresses: 010000 Counter/Timer }'s MSB 
010001 Counter/Timer 1's LSB 
010010 Counter/Timer 2's MSB 
010011 Counter/Timer 2’s LSB 
010100 Counter/Timer 3's MSB 
010101 Counter/Timer 3's LSB 


(Read Only) 


Sitar Co Least 


most 
GOMIICANT BONIRCANT 
BYTE 


Counter/Timer Time Constant Registers 
Addresses. 010110 Counter/Timer 1's MSB 
O1011} Counter/Timer 1’s LSB 
011000 Counter/Timer 2's MSB 
011001 Counter/Timer 2's LSB 
011010 Counter/Timer 3's MSB 
011011 Counter/Timer 3's LSB 


(Read/Write) 


 CICICICI ENC EICSCICIL! Ca EAC) 
ae nn tusee 


most 
BQWIPICANT MGNIFICANT 
avTE 


Figure 3-8. Counter/Timer Registers 
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Registers Interrupt Vector Register Current Vector Register Z-CIO and CIO pin Functions and Assignments 
(Continued) Addresses: 000010 Port A Address: 011111 


00001) Port B (Read Only) 
000100 Counter/Timers 
(Read/Write) OBOODODO 


CSCIC 5 Loaner on ed 


OM HIGHERT PRIORITY 


ee NTEARG ADOASSEDATA 
cae IE eatin ion tema terennbrT penne 


ALL t's OUTPUT, 
PORT VECTOR STATUS 
PRIORITY ENCODED VECTOR MODE: 
22D wumean oF manent peony eer aus tie 
‘WITH A MATCH aged maoatT 
ALL OTHER MODEK 
©) op O% cowrnon 
ORE IRF PME HORMAL 
© 8 © ERROR 
COUNTERTIMER STATUS BrranAUeT 
Dy Dy 
ee ons 
os na 
te ory 
14 eAROR 
Figure B-7. Interrupt Vector Registers 
Register Main Control Registers Port A Specification Registers PCL 2 3. OND, 
Address Addrees Register Name Address Register Name rt L. Pin Fi 
. ‘unctions Fi 2. Pin Raul, ta 
Summary 000000 Master Interrupt Control 100000 Port A's Mode Specification = — heii 
000001 Master Configuration Control 100001 Port A's Handshake Specification 
000010 Port A's Interrupt Vector 100010 Port A's Data Path Polarity 
0000]! Port B's Interrupt Vector 100011 Port A's Date Direction 
000100 Counter/Timer's Interrupt Vector 100100 Port A’s Special 1/O Control 
000101 Port C’s Data Path Polarity 100101 Port A’s Pattern Polarity 
000110 Port C's Data Direction 100110 Port A’s Pattern Transition bd 
000111 Port C's Special I/O Control 100131 Port A's Pattern Mask td 
Most Often Accessed Registers Port B Specification Registers Dara a) PORTA 
Addrese Register Name 2 Address Register Name ova KA 
001000 Port A’s Command and Status 101000 Port B's Mode Specificatton o, 
001001 Port B’s Command and Status 101001 Port B's Handshake Specification De 
OOL010 Counter/Timer 1‘s Command and Status lololo Port B’s Data Path Potarity wh 
oo10l) Counter/Timer 2's Command and Status 101011 Port B's Data Direction re 6 é 
001100. Counter/Timer 3's Command and Status, 101100 Port B's Special //O Control Thee, pony 
001101 Port A‘s Date 101101 Port B’s Pattern Polarity ano nasetT 
OOO Port B’s Data 101110. Port B's Pattern Transition 
ooull Port C's Data TOM. Port B's Pattern Mask 
Counter/Timer Related Registers aeTRAARUPT PORT D 
Address Register Name 
010000 Counter/Timer I's Current Count-MSBs 
010001 Counler/Timer I's Current Count-LSBs 
010010 Counter/Timer 2's Current Count-MSBa 
O10011 Counter/Timer 2's Current Count-LSBs 
010100 Countler/Timer 3's Current Count-MSBs 
010101 Counter/Timer 3's Current Count-LSBs POR sb Y.aNe 
o10110 Counter/Timer I's Time Constant-MSBs 
ool Counter/Timer I's Time Constant-LSBs Figure 1. Pin Functions Figure 2. Ms Assignments 


011000 Counler/Timer 2's Time Constant-MSBs 
011001 Counter/Timer 2's Time Constant-LSBs 
011010 Counter/Timer 3's Time Constant-MSBs 
. OO Counter/Timer 3's Time Constant-LSBs 
011100 Counter/Timer I's Mode Specification 


O10) Counter/Timer 2's Mode Specification 
ONO Counter/Timer 3's Mode Specification 
oni Current Vector 
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Absolute Voltages on ail inputs and outputs 


Maximum with respect toGND.......... -0.3Vto +7.0V 
Ratings Operaling Ambient 
Temperature ..............0-- As Specified in 
Ordering Information 
Storage Temperature........ -65°C to + 150°C 
Standard The characteristics below apply for the 
Test following standard test conditions, unless 
Conditions otherwise noted. All voltages are referenced to 


GND. Positive current flows into the refer- 
enced pin. Standard conditions are as follows: 


FROM QUTPUT 
UNDER TEST 


“| 20 


Figure 2). Standard Test Load 


Stresses greater than those listed under Absolute Maxi 
mum Ratings may cause permanent damage to the device. 
This is 4 stress rating only; operation of the device at any 
condition above those indicated in the operational sections 
al these specifications is nol implied. Exposure lo absolute 
maximum rating conditions lor extended periods may alle 
device reliability. 


@+475V < Vy. < +5.25V 
m@ GND =0V 
@ Ty, as specified in Ordering Information 


All ac parameters assume a load capacitance 
of 50 pF max. 


FROM OUTPUT 
UNOER TEST 


“ 


Figure 22. Open-Drain Test Load 


be Symbol Parameter Min Max Unit Condition 
Charac- ee = oe aS VeuRk sie aes Somes Si 
teristics Ving Input High Voltage 2.0 V4 0.3 Vv 
Vy, Input Low Voltage -0.3 0.8 Vv 
Vou Outpul High Voltage 2.4 Vv Joy = —250 pA 
Vor. Quiput Low Voltage 0.4 v Igy = +2.0 mA 
0.5 v ky.= +3.2mA 
Input Leakage + 10.0 pA 0465 Vy s +24V 
Oulput Leakage +10.0 nA 0.4 s Voy, Ss +2.4V 
250 mA 


V,,- Supply Current 


BV t 5m uel 


herwise spe thed. aver speciied lomperabire range 


Capacitance Symbol Parameter Min Max Unit Test Condition 
Sc Input C. it 
IN npu sae ane 10 pF Unmeasured Pins 
Cour Output Capacitance 15 pF Returned to Ground 
Cio Bidirectional Capacitance 20 pF 
| MHz, over specter ISrapeeaiine ranqe. are a ' 
Ordering Product Package/ 
Information Number Temperature Speed Description 
7836 CE, CM, CMB, 
DE, DS, PE, PS 4.0 MHz CIO (40- pin) 
785764 CE, CM, CMB, CS, 
DE, Its, PE, PS 6.0 MHz Same as ahave 
ZA036 CE, CS, DE, DS, PE, PS 4.0 MHz Z-C1O (40 pin) 
7A0 46 ©M, CMB 60 Miz Same as above 
7BU HA CE, CM, CMB, CS, 
DE, DS, PE, P 


NOYES Co 0 (or PP Crap Poo Phaste  Bo- 40 Ctes 6 AEE 


Pyare Be we ion 


6.0 Miiz 


Same as above 


M Soe ab MA SHC with MIL SED BAY wilief base. 


NH 


NANA 


feel ell el all ol 


O))) 
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GD 18 Bo. Foo 


A 
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WD279X-02 Floppy Disk Formatter/Controller Family 


FEATURES 
* ON-CHIP PLL DATA SEPARATOR 

¢ ON-CHIP WRITE PRECOMPENSATION LOGIC 
© SINGLE +5V SUPPLY 


© ACCOMMODATES SINGLE AND DOUBLE DENSITY 
FORMATS 
IBM 3740 (FM) 
IBM 34 (MFM) 


e AUTOMATIC SEEK WITH VERIFY 
e MULTIPLE SECTOR READ/WRITE 
e TTL COMPATIBLE 


e PROGRAMMABLE CONTROL 
SELECTABLE TRACK-TO-TRACK ACCESS 
HEAD LOAD TIMING 


e SOFTWARE COMPATIBLE WITH THE FD179X SERIES 
e SOFT SECTOR FORMAT COMPATIBILITY 


DESCRIPTION 


The WD279X are N-Channel Silicon Gate MOS LSI devices 
which perform the functions of a Floppy Disk For- 
matter/Controller in a single chip implementation. The 
WD279X, which can be considered the end result of both 
the FD1771 and FD179X designs, is 1BM 3740 compatible in 
single density mode (FM) and System 34 compatible in 
Double Density Mode (MFM). The WD279X contains ail the 
features of its predecessor the FD179X plus a high per- 
formance Phase-Lock-Loop Data Separator as well as Write 
Precompensation Logic. In Double Density mode, Write 
Precompensation is automatically engaged to a value 
programmed via an external potentiometer. In order to 
maintain compatibility, the FD1771, FD179X and WD279xX 
designs were made as close as possibile with the computer 
interface, instruction set, and \/O registers being identical. 


111 


13 
} 2 
3 
1 4 
5 
16 
| 7 
18 


SSO/ENMF 


CLK 
PUMP 


PIN DESIGNATION 


Also, head load control is identical. in each case, the actual 
pin assignments vary by only a few pins from any one to 
another. 


The processor interface consists of an &bit bi-directional 
bus for data, status, and control word transfers. The 
WD279X is set up to operate on a multiplexed bus with 
other bus-oriented devices. 


The WD279X is TTL compatible on all inputs and outputs. 
The outputs will drive one TTL load or three LS loads. The 
2793 is identical to the 2791 except the DAL lines are TRUE 
for systems that utilize true data busses. 

The 2795/7 has a side select output for controlling double 
sided drives. 


cO-X6Z20M 


PIN DESCRIPTION 


PIN NUMBER [| —sPINNAME ~—si|—s SYMBOL FUNCTION 


ENABLE PRECOMP ENP A Logic high on this input enables write precompen- 
sation to be performed on double density Write Data 
output only. 

19 MASTER RESET MR A logic low (50 microseconds min.) on this input 
; resets the device and loads HEX 03 into the com- 
mand register. The Not Ready (Status Bit 7) is reset 
during MR ACTIVE. When MR is brought to a logic 
high a RESTORE Command is executed, regardless 
of the state of the Ready signal from the drive. Also, 
HEX 01 is loaded into sector register. 


20 POWER SUPPLIES Vss Ground 
21 Voc +5V +5% 


cO-X6ZZ0M 


COMPUTER INTERFACE: 


2 WRITE ENABLE WE A logic low on this input gates data on the DAL into 
the selected register when CS is low. 


3 CHIP SELECT cS A logic low on this input selects the chip and enables 
computer communication with the device. 


4 READ ENABLE RE A logic low on this input controls the placement of 
data from a selected register on the DAL when CS is 
low. 

5,6 REGISTER SELECT LINES AO, A1 These inputs select the register to receive/transfer 
data on the DAL lines under RE and WE control: 
CS At AO RE WE 
0 0 0 Status Reg Command Reg 
0.6.0 1 Track Reg Track Reg 


0 1 0 SectorReg Sector Reg 
0 1 1 Data Reg Data Reg 


7-14 DATA ACCESS LINES DALO-DAL7 Eight bit bi-directional bus used for transfer of com- 
mands, status, and data. These lines are inverted 
(active low) on WD2791 and WD2795. 

24 CLOCK CLK This input requires a free-running 50% duty cycle 
square wave.clock for internal timing reference, 2 
MHz + 1% for 8” drives, 1 MHz + 1% for mini- 
floppies. 

38 DATA REQUEST DRQ _ This output indicates that the Data Register contains 
assembled data in Read operations, or the DR is 
empty in Write operations. This signal is reset when 
serviced by the computer through reading or loading 
the DR. 


iH 39 INTERRUPT REQUEST INTRQ This output is set at the compiletion-of any command 
and is reset when the Status register is read or the 


i FLOPPY DISK INTERFACE: Command register is written to. 

i “i 
| 15 STEP STEP The step output contains a pulse for each step. 

{ 


16 DIRECTION DIRC Direction Output is active high when stepping in, 
j active low when stepping out. 
17 5%," 8" SELECT 5/8 This input selects the internal VCO frequency for use 
with 5%” drives or 8” drives. 
18 READ PULSE WIDTH RPW An external potentiometer tied to this input controls 
the phase comparator within the data separator. 
22 TEST TEST A logic low on this input allows adjustment of exter- 
nal resistors by enabling internal signals to appear on 
selected pins. 
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PIN DESCRIPTION (Continued) 


PIN NUMBER PINNAME —_| __-SYMBOL 


23 


25 


25 


26 


27 


28 


31 


32 


35 


37 


PUMP 


ENABLE MINI-FLOPPY 


(2791, 2793) 


SIDE SELECT OUTPUT 


(2795, 2797) 


VOLTAGE-CONTROLLED 


OSCILLATOR 
RAW READ 
HEAD LOAD 


TRACK GREATER 
THAN 43 


WRITE GATE 


WRITE DATA 


READY 


WRITE PRECOMP 
WIDTH 


TRACK 00 


INDEX PULSE 


WRITE PROTECT 


DOUBLE DENSITY 


HEAD LOAD TIMING 


waa FUNCTION 


High-Impedance output signal which is forced high 
or low to increase/decrease the VCO frequency. 


A logic low on this input enables an internal +2 of 
the Master Clock. This allows both 5%” and 8” drive 
operation with a single 2 MHz clock. For a 1 MHz 
clock on Pin 24, this line must be left open or tied to a 
Logic 1. 


The logic level of the Side Select Output is directly 
controlled by the ‘S’ flag in Type Ii or ill commands. 
When U = 1, SSO is set to a logic 1. When U = 0, 
SSO is set to a logic 0. The SSO is compared with the 
side information in the Sector |.D. Field. If they do not 
compare Status Bit 4 (RNF) is set. The Side Select 
Output is only updated at the beginning of a Type Il or 
li! command. It is forced to alogic 0 upon a MASTER 
RESET condition. 


An external capacitor tied to this pin adjusts the VCO 
center frequency. : 


The data input signal directly from the drive. This 
input shall be a negative pulse for each recorded flux 
transition. 


The HLD output controls the loading of the Read- 
Write head against the media. 


This output informs the drive that the Read/Write 
head is positioned between tracks 44-76. This output 
is valid only during Read and Write Commands. 


‘This output is made valid before writing is to be 
performed on the diskette. 


MFM or FM output pulse per flux transition. WD 
contains the unique Address marks as well as data 
and clock in both FM and MFM formats. 


This input indicates disk readiness and is sampled 
for a logic high before Read or Write commands are 
performed. If Ready is low the Read or Write 
operation is not performed and an interrupt is 
jenerated. Type | operations are performed regard- 
less of the state of Ready. The Ready input appears in 
inverted format as Status Register bit 7. 


VCO 


RAW READ 


An external potentiometer tied to this input controls 
the amount of delay in Write precompensation mode. 


This input informs the WD279X that the Read/Write 
head is positioned over Track 00. 


This input informs the WD279X when the index hole 
is encountered on the diskette. 

This input is sampled whenever a Write Command is 
received. A logic low terminates the command and 
sets the Write Protect Status bit. 


This input pin selects either single or double density 
operation. When DDEN 0, double density is 
selected. When DDEN 1, single density is 
selected. 


When a logic high is found on the HLT input the head 
is assumed to be engaged. It is typically derived from 
a1 shot triggered by HLD. 
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Figure 1. 


APPLICATIONS 


8” FLOPPY AND 5%” MINI FLOPPY CONTROLLER 
SINGLE OR DOUBLE DENSITY 
CONTROLLER/FORMATTER 


The WD279X Family are MOS/LSI devices which perform 
the functions of a Floppy Disk Controller/Formatter. Soft- 
ware compatible with its predecessor, the FD179X, the 
device also contains a high performance Phase-Lock-Loop 
Data Separator as well as Write Precompensation Logic. 


When operating in Double Density mode, Write Precom- 
pensation may be enabled, its value predetermined by an 
external potentiometer. An on-chip VCO and phase 
comparator allows adjustable frequency range for 5%” or 
8” Floppy Disk interfacing. 


The WD279xX is fabricated in NMOS silicon.gate technology 
and available in a 40 pin dual-in-line package. 


Single Density (FM) 
Double Density (MFM) 
True Data Bus 
Inverted Data Bus 
Side Select Out 
Internal CLK Divide 


ORGANIZATION 


The Floppy Disk Formatter block diagram is ilfustrated on 
page 5. The primary sections include the parallel processor 
interface and the Floppy Disk interface. 


Data Shift Register — This 8&-bit register assembles serial 
data from the Read Data input (RAW READ) during Read 
operations and transfers serial data to the Write Data 
output during Write operations. 


Data Register — This &bit register is used as a holding 
register during Disk Read and Write operations in Disk 
Read operations the assembled data byte is transferred in 
parailel to the Data Register from the Data Shift Register. in 
Disk Write operations information is transferred in paraliel 
from the Data Register to the Data Shift Register. 


When executing the Seek command the Data Register 
holds the address of the desired Track position. This 
register is loaded from the DAL and gated onto the DAL 
under processor control. 

Track Register — This 8-bit register holds the track number 
of the current Read/Write head position. It is incremented 
by one every time the head is stepped in (towards track 76) 
and decremented by one when the head is stepped out 
(towards track 00). The contents of the register are com- 
pared with the recorded track number in the ID field during 
disk Read, Write and Verify operations. The Track Register 
can be loaded from or transferred to the DAL. This Register 
should not be loaded when the device is busy. 

Sector Register (SR) — This 8-bit register holds the address 
of the desired sector position. The contents of the register 
are compared with the recorded sector number in the 1D 
field during disk Read or Write operations. The Sector 
Register contents can be loaded from or transferred to the 
DAL. This register should not be loaded when the device is 
busy. 


Command Register (CR) — This &bit register holds the 
command presently being executed. This register shouid 
not be loaded when the device is busy unless the new 
command is a force interrupt. The command register can 
be loaded from the DAL, but not read onto the DAL. 

Status Register (STR) — This 8-bit register holds device 
Status information. The meaning of the Status bits is a 
function of the type of command previously executed. This 
register can be read onto the DAL, but not loaded from the 
DAL. 

CRC Logic — This logic is used to check or to generate the 
16-bit Cyclic Redundancy Check (CRC). The polynomial is: 
G(x) = x16 + x12 4 x5 41. 

The CRC includes all information starting with the address 
mark and up to the CRC characters. The CRC register is 
preset to ones prior to data being shifted through the 
circuit. 

Arithmetic/Logic Unit (ALU) — The ALU is a serial compara- 
tor, incrementer, and decrementer and is used for register 
modification and comparisons with the disk recorded ID 
field. 

Timing and Control — All computer and Floppy Disk in- 
terface controls are generated through this logic. The in- 
ternal device timing is generated from an external crystal 
clock. 

AM Detector — The address mark detector detects ID, data 
and index address marks during read and write operations. 
Write Precompensation — enables write precompensation 
to be performed on the Write Data output. 


oaTa Out 
BUFFERS 


SECTOR TRACK 
QEG El REG 


WRITE DATA 
(TO DISK) 


COMPUTER 
INTERFACE 
CONTROL 


CONTRCY 


PLA 
CONTROL 
{230 X 16) 


RAW READ 


OATA SEPARATOR 


CONTROL Orsa 
INTERFA E 
CON TAL, 


WD279X BLOCK DIAGRAM - 


Data Separator — a high performance Phase-Lock-Loop 
Data Separator with on-chip VCO and phase comparator 
allows adjustable frequency range for 514” or 8" Floppy 
Disk interfacing. 


PROCESSOR INTERFACE 


The interface to the processor is accomplished through the 
eight Data Access Lines (DAL) and associated control 
signals. The DAL are used to transfer Data, Status, and 
Control words out of, or into the WD279X. The DAL are 
three state buffers that are enabled as output drivers when 
Chip Select (CS) and Read Enable (RE) ) are active (low logic 
state) or act as input receivers when CS and Write Enable 
(WE) are active. 


When transfer of data with the Floppy Disk Controller is 
required by the host processor, the device address is 
decoded and CS is made low. The address bits A1 and AO, 
combined with the signals RE during a Read operation or 
WE during a Write operation are interpreted as selecting 
the following registers: 


Ai - AO READ (RE) 

0 0 Status Register 
Track Register 
Sector Register 
Data Register 


WRITE (WE) 


Command Register 
Track Register 
Sector Register 
Data Register 


0 1 
1 0 
1 1 


During Direct Memory Access (DMA) types of data trans- 
fers between the Data Register of the WD279X and the 
processor, the Data Request (DRQ) output is used in Data 
Transfer control. This signal also appears as status bit 1 
during Read and Write operations. 


On Disk Read operations the Data Request is activated (set 
high) when an assembled serial input byte is transferred in 
parallel to the Data Register. This bit is cleared when the 
Data Register is read by the processor. If the Data Register 
is read after one or more characters are lost, by having new 
data transferred into the register prior to processor readout, 
the Lost Data bit is set in the Status Register. The Read 
operation continues until the end of sector is reached. 


On Disk Write operations the data Request is activated 
when the Data Register transfers its contents to the Data 
Shift Register, and requires a new data byte. It is reset when 
the Data Register is loaded with new data by the processor. 
If new data is not loaded at the time the next serial byte is 
required by the Floppy Disk, a byte of zeroes is written on 
the diskette and the Lost Data bit is set in the Status 
Register. 


At the completion of every command an INTRQ is 
generated. INTRQ is reset by either reading the status 
register or by loading the command register with a new 
command. In addition, INTRQ is generated if a Force In- 
terrupt command condition is met. 
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The 279X has two modes of operation according to the 
state of DDEN (Pin 37). When DDEN = 1, Single Density 
(FM) is selected. When DDEN = 0, Double Density (MFM) 
is selected. In either case, the CLK input (Pin 24) is set at 2 
MHz for 8” drives or 1 MHz for 514” drives. 


On the 2791/2793, the ENMF input (Pin 25) can be used for 
controlling both 514” and 8” drives with a single 2 MHz 
clock. When ENMF = 0, an internal + 2 of the CLK is 
performed. When ENMF = 1, no divide takes place. This 
allows the use of a 2 MHz clock for both 5%” and 8” 
configurations. 

The internal VCO frequency must also be set to the proper 
value. The 5/8 input (Pin 17) is used to select data separator 
operation by internally dividing the Read Clock. When 5/8 
= 0, 5%" data separation is selected; when 5/8 = 1, 8” 
drive data separation is selected. 


CLOCK (24) Ceres | Samm [cave 


2 MHz 
2 MHz ; : ae 
1 MHz 1 0 5%” 


FUNCTIONAL DESCRIPTION 

The WD279X-02 is software compatible with the FD179X-02 
series of Floppy Disk Controllers. Commands, status, and 
data transfers are performed in the same way. Software 
generated for the 179X can be transferred to a 279X system 
without modification. 


In addition to the 179X, the 279X contains an internal Data 
Separator and Write precompensation circuit. The TEST 
(Pin 22) line is used to adjust both data separator and pre- 
compensation. When TEST = 0, the WD (Pin 31) line is 
internally connected to the output of the write precomp 
one-shot. Adjustment of the WPW (Pin 33) line can then be 
accomplished. A second one-shot tracks the precomp set- 
ting at approximately 3:1 to insure adequate Write Data 
pulse widths to meet drive specifications. : 


Simiiarly, Data separation is also adjusted with TEST = 0. 
The TG43 (Pin 29) line is internally connected to the output 
of the read data one-shot, which is adjusted via the RPW 
(Pin 18) tine. The DIRC (Pin 16) line contains the Read Clock 
output (.5 MHz for 8” drives). The VCO Trimming capacitor 
(Pin 26) is adjusted for center frequency. 


Internal timing signals are used to generate pulses during 
the adjustment mode so that these adjustments can be 
made while the device is in-circuit. The TEST line also 
contains a pull-up resistor, so adjustments can be per- 
formed simply by grounding the TEST pin, overriding the 
pull-up. The TEST pin cannot be used to disable stepping 
rates during operation as its function is quite different from 
the 179X. 


Other pins on the device also include pull-up resistors and 
may be left ft open to satisfy a Logic 1 condition. These are: 
ENP, 5/8, ENMF, WPRT, DDEN, HLT, TEST, and MR. 


GENERAL DISK READ OPERATIONS 


Sector lengths of 128, 256, 512 or 1024 are obtainable in 
either FM or MFM formats. For FM, DDEN should be 
placed to jogical “1.” For MFM formats, DDEN should be 


Sector Length Table* ) 


Sector Length Number of Bytes 
Field (hex) in Sector (decimal) 


* 2795/97 may vary — see command summary. 


placed to a logical ‘0.’ Sector lengths are determined at 
format time by the fourth byte in the “ID” field. 


The WD279X recognizes tracks and sectors numbered 00- 
FFX. However, due to programming restrictions, only tracks 
and sectors 00 thru F4 can be formatted. 


GENERAL DISK WRITE OPERATION 


When writing is to take place on the diskette the Write Gate 
(WG) output is activated, allowing current to flow into the 
Read/Write head. As a precaution to erroneous writing the 
first data byte must be loaded into the Data Register in 
response to a Data Request from the 279X before the Write 
Gate signal can be activated. 


Writing is inhibited when the Write Protect input is a logic 
low, in which case any Write command is immediately 
terminated, an interrupt is generated and the Write Protect 
status bit is set. 


For write operations, the 279X provides Write Gate (Pin 30) 
and Write Data (Pin 31) outputs. Write data consists of a 
series of pulses set to a width approximately three times 
greater than the precomp adjustment. Write Data provides 
the unique address marks in both formats. 


READY 


Whenever a Read or Write command (Type II or III) is 
received the 279X samples the Ready input. If this input is 
logic low the command is not executed and an interrupt is 
generated. All Type | commands are performed regardless 
of-the state of the Ready input. Also, whenever a Type II or 
lil command is received, the TG43 signal output is updated. 
TG43 may be tied to ENP to enable write precompensation 
on tracks 44-76. 


COMMAND DESCRIPTION 


The WD279X will accept eleven commands. Command 
words should only be loaded in the Command Register 
when the Busy status bit is off (Status bit 0). The one ex- 
ception is the Force interrupt command. Whenever a 
command is being executed, the Busy status bit is set. 
When a command is completed, an interrupt is generated 
and the Busy status bit is reset. The Status Register in- 
dicates whether the completed command encountered an 
error or was fault free. For ease of discussion, commands 
are divided into four types. Commands and types are 
summarized in Table 1. 


a ER a 


A. Commands for Models: 2791, 2793 


Restore 
Seek 
Step 
Step-in 
Step-out 


Read Sector 
Write Sector 
Read Address 
Read Track 
Write Track 
Force Interrupt 


—- Ss sor UOC OOO 


TABLE 1. COMMAND SUMMARY 
B. Commands for Models: 2795, 2797 


QOooorrsasaaa7|w 


ase st es Oaodcod0od!~ 
“2300-00 0[m 
OAnA4204n0-40400/m 
“3-oOo3 3 R74H-0[a 
pommmmm<e<<< <i 


ao 
Ny 


. |'O = Stepping Motor Rate 
See Table 3 for Rate Summary 


= 0, No verify 
1, Verify on destination track 


h = Head Load Flag 0, Unload head at beginning 


1, Load head at beginning 


T = Track Update Flag 0, No update 


1, Update track register 


H&A a0 = Data Address Mark 40 = 0, FB (DAM) 


C = Side Compare Flag 


Cc 
Cc 

W& it U = Update SSO U = 0, Update SSO to0 
U 
W& i E = 15 MS Delay E 
E 


40 = 1, F8 (deleted DAM) 
0, Disable side compare 
1, Enable side compare 
1, Update SSO to 1 


= 0, No. 15 MS delay 
= 1, 15 MS delay (30 MS for 1 MHz) 


S = Side Compare Flag 0, Compare for side 0 
1, Compare for side 1 


LSB’s Sector Length in ID Field 


L = Sector Length Flag 01 40 1 


512 1024 128 
512 1024 


m = Multiple Record Flag m = 0, Single record 


m = 1, Multiple records 


Interrupt Condition Flags 

1 Not Ready To Ready Transition 

1 Ready To Not Ready Transition 

1 Index Pulse 

1 Immediate Interrupt, Requires A Reset* 
0 Terminate With No Interrupt (INTRQ) 


“NOTE: See Type lV Command Description for further information. 


SS ISA IT I I SC EIS IIT TPIS 
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Write Precompensation 


When operating in Double Density mode (DDEN = 0), the 
279X has the capability of providing a user-defined 
precompensation value for Write Data An external 
potentiometer (10K) tied to the WPW signal (Pin 33) allows a 
setting of 100 to 300 ns from nominal. 


Setting the Write precomp value is accomplished by for- 
cing the TEST line (Pin 22) to a Logic 0. A stream of pulses 
can then be seen on the Write Data (Pin 31) line. Adjust the 
WPW Potentiometer for the desired pulse width. This 
adjustment may be performed in-circuit since Write Gate 
(Pin 30) is inactive while TEST = 0. 


Data Separation 


The 279X can operate with either an external data separator 
or its own internal recovery circuits. The condition of the 
TEST line (Pin 22) in conjunction with MR (Pin 19) will select 
internal or external mode. 

To program the 279X for external VCO, a MR pulse must be 


applied while TEST = 0. A clock equivalent to eight times 
the data rate (e.g., 4.0 MHz for 8” Doubie Density) is applied 


s to the VCO input (Pin 26). The feedback reference voltage is 


available on the Pump output (Pin 23) for external in- 
tegration to control the VCO. TEST is returned to a Logic 1 
for normal operation. Note:_To maintain this mode, TEST 
must be held low whenever MR is applied. 


For internal VCO operation, the TEST line must be high 
during the MR pulse, then set to a Logic 0 for the ad- 
justment procedure. 


A 50K Potentiometer tied to the RPW input (Pin 18) is used 
to set the internal Read Data pulse for proper phasing. With 
a scope on Pin 29 (TG43), adjust the RPW pulse for 1/8 of 
the data rate (250 ns for 8” Double Density). An external 
variable capacitor of 5-60 pf is tied to the VCO input (Pin 26) 
for adjusting center frequency. With a frequency counter 
on Pin 16 (DIRC) adjust the trimmer cap to yield the ap- 
propriate Data Rate (500 KHz for 8” Double Density). The 
DDEN line must be low while the 5/8 line is held high or the 
adjustment times above will be doubled. 


After adjustments have been made, the TEST pin is 
returned to a Logic 1 and the device is ready for operation. 
Adjustments may be made in-circuit since the DIRC and 
TG43 lines may toggle without affecting the drive. 


The PUMP output (Pin 23) consists of positive and negative 
pulses, which their duration is equivalent to the phase 
difference of incoming Data vs. VCO frequency. This signal 


_is internally connected to the VCO input, but a Filter is 


needed to connect these pulses to a slow moving DC 
voltage. 


The internal phase-detector is unsymmetrical for a random 
distribution of data pulses by a factor of two, in favor of a 
PUMP UP condition. Therefore, it is desirable to have a 
PUMP DOWN twice as responsive to prevent run-away 
during a lock attempt. 


A first order lag-lead filter can be used at the PUMP output 
{Pin 23). This filter controls the instantaneous response of 
the VCO to bit-shifted data (jitter) as well as the response to 
normal frequency shift, i.e, the lock-up time. A balance 


must be accomplished between the two conditions to 
inhibit over-responsiveness to jitter and to prevent an 
extremely wide lock-up response, leading to PUMP run- 
away. The filter affects these two reactions in mutually 
opposite directions. 


The following Filter Circuit is recommended for 8" 
FM/MFM: 


PUMP 
(PIN 23) < 


tut 


1KQ IN914 


Since 51%” Drives operate at exactly one-half the data rate 
(250 Kb/sec) the above capacitor should be doubled to .2 or 


22ut. 


TYPE | COMMANDS 


The Type | Commands include the Restore, Seek, Step, 
Step-in, and Step-Out commands. Each of the Type | 
Commands contains a rate field (ro 14), which determines 
the stepping motor rate as defined in Table 3. 


A 2us (MFM) or 4 ys (FM) pulse is provided as an output to 
the drive. For every step pulse issued, the drive moves one 
track location in a direction determined by the direction 
output. The chip will step the drive in the same direction it 


* last stepped unless the command changes the direction. 


The Direction signal is active high when stepping in and 


_low when stepping out. The Direction signal is valid before 


the first stepping pulse is generated. 


The rates (shown in Table 3) can ‘be applied to a Step- 
Direction Motor through the device interface. 


TABLE 3. STEPPING RATES 


2 MHz 
TEST = 1 


1 MHz 
TEST = 1 . 


After the last directional step an additional 15 milliseconds 
of head settling time takes place if the Verify flag is set in 
Type | commands. Note that this time doubles to 30 ms for 
a 1 MHz clock. There is also a 15 ms head settling time if 
the E flag is set in any Type Il or IIl command. 


When a Seek, Step or Restore command is executed an 
optional verification of Read-Write head position can be 
performed by setting bit 2(V = 1) in the command word to 
a logic 1. The verification operation begins at the end of the 
15 millisecond settling time after the head is loaded against 
the media The track number from the first encountered ID 


Field is compared against the contents of the Track 

Register. If the track numbers compare and the ID Field 

Cyclic Redundancy Check (CRC) is correct, the verify 

operation is complete and an INTRQ is generated with no 

errors. If there is a match but not a valid CRC, the CRC error 

status bit is set (Status bit 3), and the next encountered ID. 
field is read from the disk for the verification operation. 


The WD279X must find an ID field with correct track 
number and correct CRC within 5 revolutions of the media; 
otherwise the seek error is set and an INTRQ is generated. 
If V = 0, no verification is performed. 


The Head Load (HLD) output controls the movement of the 
read/write head against the media. HLD is activated at the 
beginning of a Type | command if the h flag is set (h = 1), at 
the end of the Type | command if the verify flag (V = 1), or 
upon receipt of any Type I! or Ill command. Once HLD is 
active it remains active until either a Type | command is 
received with (h = 0 and V = 0); or if the 279X is in an idle 
state (non-busy) and 15 index pulses have occurred. 


Head Load timing (HLT) is an input to the 279X which is 
used for the head engage time. When HLT = 1, the 279X 
assumes the head is completely engaged. The head 
engage time is typically 30 to 100 ms depending on drive. 
The low to high transition on HLD is typically used to fire a 
one shot. The output of the one shot is then used for HLT 
and supplied as an input to the 279X. 


MILT :FROM ONE SHOT) 


HEAD LOAD TIMING 


When both HLD and HLT are true, the 279X will then read 
from or write to the media. The ‘‘and” of HLD and HLT ap- 
pears as status Bit 5 in Type | status. 


In summary for the Type | commands: if h = 0 and V = 0, 
HLD is reset. If h = 1 and V = O, HLD is set at the 
beginning of the command and HLT is not sampled nor is 
there an internal 15 ms delay. Ifh = OandV = 1, HLDis set 
near the end of the command, an internal 15 ms occurs, 
and the 279X waits for HLT to be true. Ifh = 1 and V = 1, 
HLD is set at the beginning of the command. Near the end 
of the command, after ail the steps have been issued, an 
internal 15 ms delay occurs and the 279X then waits for HLT 
to occur. 

For Type Il and Ill commands with E flag off, HLD is made 
active and HLT is sampled until true. With E flag on, HLD is 
made active, an internal 15 ms delay occurs and then HLT is 
sampled until true. 


RESTORE (SEEK TRACK 0) 


Upon receipt of this command the Track 00 (TROO) input is 
sampled. If TROO is active low indicating the Read-Write 
head is positioned over track 0, the Track Register is loaded 
with zeroes and an interrupt is generated. If TROO is not 
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active low, stepping pulses at a rate specified by the ro 
field are issued until the TROO input is activated. At this 
time the Track Register is loaded with zeroes and an in- 
terrupt is generated. If the TROO input does not go active 
low after 255 stepping pulses, the 279X terminates 
operation, interrupts, and sets the Seek error status bit. A 
verification operation takes place if the V flag is set. The h 
bit allows the head to be loaded at the start of command. 
Note that the Restore command is executed when MR 
goes from an active to an inactive state. 


SEEK 


This command assumes that the Track Register contains 
the track number of the current position of the Read-Write 
head and the Data Register contains the desired track 
number. The WD279X will update the Track register and 
issue stepping pulses in the appropriate direction until the 
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SET DIRECTION 


HEAD AT 
TRACK 0 AND 
DIRECTION 

70 


? 
NO 
ISSUE 
ONE STEP PULSE 
DELAY ACCORDING 
TOR) ROFIELO 


TYPE | COMMAND FLOW 


contents of the Track register are equal to the contents of 
the Data Register (the desired track location). A verification 
operation takes place if the V flag is on. The h bit allows the 
head to be loaded at the start of the command. An interrupt 
is generated at the completion of the command. Note: 
When using multiple drives, the track register must be 
updated for the drive selected before seeks are issued. 
STEP 

Upon receipt of this command, the 279X issues one 
stepping pulse to the disk drive. The stepping motor 


’ direction is the same as in the previous step command. 


After a delay determined by the "!0 field, a verification 
takes place if the V flag is on. If the T flag is on, the Track 
Register is updated. The h bit allows the head to be loaded 
at the start of the command. An interrupt is generated at 
the completion of the command. 


STEP-IN 

Upon receipt of this command, the 279X issues one 
stepping pulse in the direction towards track 76. If the T 
flag is on, the Track Register is incremented by one. After a 


VERIFY 
SEQUENCE 


INTRO RESET BUSY 


EXPIRED 
. 


INTRO RESET BUSY 
SET SEEK ERROR 


10 AM BEEN 
DETECTED 
2 


DOES 
TR: TRACK 
ADORESS OF 1D 


INTRO 
RESET BUS 


NOTE ' Mrz THERE IS A WMS DE: AY 
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delay determined by the '1'0 field, a verification takes place 
if the V flag is on. The h bit allows the head to be loaded at 
the start of the command. An interrupt is generated at the 
completion of the command. 


STEP-OUT 

Upon receipt of this command, the 279X issues one 
stepping pulse in the direction towards track 0. If the T flag 
is on, the Track Register is decremented by one. After a 
delay determined by the "10 field, a verification takes place 
if the V flag is on. The h bit allows the head to be loaded at 
the start of the command. An interrupt is generated at the 
completion of the command. 

EXCEPTIONS 

On the 2795/7 devices, the SSO output is not affected 
during Type | commands, and an internal side compare 
does not take place when the (V) Verify Flag is on. 

TYPE Il COMMANDS 

The Type Il Commands are the Read Sector and Write 
Sector commands. Prior to loading the Type 1! Command 
into the Command Register, the computer must load the 


Sector Register with the desired sector number. Upon 
receipt of the Type lI! command, the busy status Bit is set. If 
the E flag = 1 (this is the normal case) HLD is made active 
and HLT is sampled after a 15 msec delay. If the E flag is 0, 
the head is loaded and HLT sampled with no 15 msec delay. 


When an ID field is located on the disk, the 279X compares 


the Track Number on the ID field with the Track Register. If - 


there is not a match, the next encountered ID field is read 
and a comparison is again made. If there was a match, the 
Sector Number of the ID field is compared with the Sector 
Register. If there is not a Sector match, the next en- 
countered ID field is read off the disk and comparisons 
again made. If the 1D field CRC is correct, the data field is 
then located and will be either written into, or read from 


is 
YYPE 
COMMAND 
RECEIVED 
? 


SET BUSY RESET ORQ. LOST 
DATA. RECORD NOT FOUND & 
STATUS BITS 5 & 6 INTRO 


iS 
EXPIRED 
? 


INTAQ RESET BUSY 
SET WRITE PROTECT 


TYPE li COMMAND 


INTRQ. RESET BUSY. 
SET RECORD-NOT FOUND, 


HAS 
IDAM 


BEEN 
DETECTED 
? 


SOEs 
TR « TRACK 
AOORESS OF '0 
FIELD 


YES 


BRING IN SECTOR LENGTH FIELD 
STORE LENGTH IN INTERNAL 
REGISTER 


iS 
THERE A 
CAC ERROA 
9 


SET CRC 
STATUS ERROR 


TYPE li COMMAND 


’ depending upon the command. The 279X must find an ID 


field with a Track number, Sector number, side number, and 
CRC within 5 revolutions of the disk; otherwise, the Record 
not found status bit is set (Status bit 4) and the command is 
terminated with an interrupt. 


Each of the Type Il Commands contains an (m) flag which 
determines if multiple records (sectors) are to be read or 
written, depending upon the command. If m = 0, a single 
sector is read or written and an interrupt is generated at the 
completion of the command. If m = 1, multiple records are 
read or written with the sector register internally updated 
so that an address verification can occur on the next 
record. The 279X will continue to read or write multiple 
records and update the sector register in numerical 
ascending sequence until the sector register exceeds the 
number of sectors on the track or until the Force Interrupt 
command is loaded into the Command Register, which 
terminates the command and generates an interrupt. 


For example: If the 279X is instructed to read sector 27 and 
there are only 26 on the track, the sector register exceeds 
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READ SECTOR 
SEQUENCE 


PUT RECORD TYPE IN 
STATUS REG BIT 5 


REAO BY 
COMPUTER 
DRO = 0 
> 


ALL BYTES 
BEEN INPUTTED 
° 


INTRO. RESET BUSY 
SET CRC ERROR 


TYPE It COMMAND 
the number available. The 279X will search for 5 disk 
revolutions, interrupt out, reset busy, and set the record not 
found status bit. 


The Type Il commands for 2791-93 also contain side select 
compare flags. When C = 0 (Bit 1) no side comparison is 
made. When C = 1, the LSB of the side number is read off 
the ID Field of the disk and compared with the contents of 
the (S) flag (Bit 3). If the S flag compares with the side 
number recorded in the ID field, the 279X continues with 
the ID search. If a comparison is not made within 5 index 
pulses, the interrupt line is made active and the Record- 
Not-Found status bit is set. 


INTRO RESET BUSY 


The Type tI and III] commands for the 2795-97 contain a side 
select flag (Bit 1). When U = 0, SSO is updated to 0. 
Similarly, U = 1 updates SSO to 1. The chip compares the 
SSO to the ID field. If they do not compare within 5 
revolutions the interrupt line is made active and the RNF 
Status bit is set. 


The 2795/7 READ SECTOR and WRITE SECTOR com- 


WRITE SECTOR 
eS. SEQUENCE 


DELAY 2 BYTES OF GaP * 
SET ORO 
DELAY & BYTES OF GAP 


A: 

OR BEEN 
LOADED BY 
COMPUTER 

iDRO : Oo 

° 


INTRO RESET BUSY 
pETLOST DATA 


YES 


DELAY 1 BYTE OF GAP 
TURN ON WG & WRITE 
6 BYTES OF ZEROS 


DELAY 11 BYTES 


WRITE DATA AM 
ACCORDING TO AO FIELD 
OF WRITE COMMAND 


TURN ON WG & WATE 
12 BYTES OF ZEROS 


DR TO DSR SET DRO 
WRITE BYTE TO DISK 


ALL BYTES 
BEEN WRITTEN 
2 


TYPE I] COMMAND 


mands include a ‘L’ flag. The ‘L’ flag, in conjunction with 
the sector length byte of the ID Field, allows different byte 
lengths to be implemented in each sector. For 18M com- 
patibility, the ‘L’ flag should be set to a one. 


READ SECTOR 


Upon receipt of the Read Sector command, the head is 
loaded, the Busy status bit set, and when:an ID field is 
encountered that has the correct track number, correct 
sector number, correct side number, and correct CRC, the 
data field is presented to the computer. The Data Address 
Mark of the data field must be found within 30 bytes in 
single density and 43 bytes in double density of the last ID 
field CRC byte; if not, the ID field search is repeated. 


When the first character or byte of the data field has been 
shifted through the DSR, it is transferred to the DR, and 
DRQ is generated. When the next byte is accumulated in 
the DSR, it is transferred to the DR and another DRQ is 
generated. If the Computer has not read the previous 
contents of the DR before a new character is transferred 


a a LE Te A A TET] 


that character is lost and the Lost Data Status bit is set. 
This sequence continues until the complete data field has 
been inputted to the computer. If there is a CRC error at the 
end of the data field, the CRC error status bit is set, and the 
command is terminated (even if it is a multiple sector 
command). 

At the end of the Read operation, the type of Data Address 
Mark encountered in the data field is recorded in the Status 
Register (Bit 5) as shown: 


STATUS 
BIT5 
1 Deleted Data Mark 
0 Data Mark 
WRITE SECTOR 


Upon receipt of the Write Sector command, the head is 
loaded (HLD active) and the Busy status bit is set. When an 
ID field is encountered that has the correct track number, 
correct sector number, correct side number, and correct 
CRC, a DRQ is generated. The 279X counts off 11 bytes in 
single density and 22 bytes in double density from the CRC 
field and the Write Gate (WG) output is made active if the 
DRQ is serviced (i.e, the DR has been loaded by the 
computer. If DRQ has not been serviced, the command is 
terminated and the Lost Data status bit is set. If the DRQ 
has been serviced, the WG is made active and six bytes of 
zeroes in single density and 12 bytes in double density are 
then written on the disk. At this time the Data Address 
Mark is then written on the disk as determined by the 20 
field of the command as shown below: 


ag Data Address Mark (Bit 0) 
i Deleted Data Mark 
0 Data Mark 


The 279X then writes the data field and generates DRQ’s to 
the computer. If the DRQ is not serviced in time for con- 
tinuous writing the Lost Data Status Bit is set and a byte of 
zeroes is written on the disk. The command is not ter- 
minated. After the last data byte has been written on the 
disk, the two-byte CRC is computed internally and written 
on the disk followed by one bye of FE in FM or in MFM. The 
WG output is then deactivated. For a 2 MHz clock the 
INTRQ will set-8 to 12 psec after the last CRC byte is 
written. For partial sector writing, the proper method is to 
write the data and fill the balance with zeroes. By letting the 
chip fill the zeroes, errors may be masked by the lost data 
status and improper CRC Bytes. 


TYPES Ili COMMANDS 

READ ADDRESS 

Upon receipt of the Read Address command, the head is 
loaded and the Busy Status Bit is set. The next en- 
countered ID field is then read in from the disk, and the six 
data bytes of the ID field are assembled and transferred to 
the DR, and a DRQ is generated for each byte. The six bytes 
of the ID field are shown below: 


TRACK SIDE SECTOR | SECTOR } CRC | CRC 
ADDR | NUMBER |ADDRESS | LENGTH | 1 2 
ae ee ee ee ee 


Although the CRC characters are transferred to the 


INTRO 
RESET BUSY 


YES 


SET HLO 


YES 
YES 


TG43 UPDATE 


DA TO OSR 
SET ORW 
INTRO RESET 
BUSY SET WPRT 
NO 
SET ORQ 
OELAY 3 BYTE 
TIMES 


SET INTRO HAS 
LOST DATA ORQ BEEN 


RESET BUSY SERVICE *30 MS IF CLOCK 
= 1 MHz 


TYPE Ill COMMAND WRITE TRACK 


computer, the 279X checks for validity and the CRC error 
status bit is set if there is a CRC error. The Track Address of 
the ID field is written into the sector register so that a 
comparison can be made by the host. At the end of the 
operation an interrupt is generated and the Busy Status is 
reset. 

READ TRACK 

Upon receipt of the READ track command, the head is 
loaded, and the Busy Status bit is set. Reading starts with 
the leading edge of the first encountered index pulse and 
continues until the next.index pulse. All Gap, Header, and 
data bytes are assembled and transferred to the data 
register and DRQ’s are generated for each byte. The ac- 


C0°X6Z20M 


cO-X6Z20M 


cumulation of bytes is synchronized to each address mark 
encountered. An interrupt is generated at the completion of 


the command. 
This command has several characteristics which make it 
Risa laite Dr e suitable for diagnostic purposes. They are: no CRC 


checking is performed; gap information is included in the 
data stream; the internal side compare is not performed; 
and the address mark detector is on for the duration of the 
WRITE 2 CRC command. Because the A.M. detector is always on, write 


CHARS CLK FF 


splices or noise may cause the chip to look for an A.M. If an 
address mark does not appear on schedule with the Lost 
Data status flag being set. 


The ID A.M., ID field, ID CRC bytes, DAM, Data and Data 
CRC Bytes for each sector will be correct. The Gap Bytes 
may be read incorrectly during write-splice time because of 
synchronization. : F 


WRITE FO FE OR 
Fe-F@ CLK - C7 
INITIALIZE CRC 


WRITE TRACK FORMATTING THE DISK 
(Refer to section on Type III commands for flow diagrams.) 


“Cun FE Formatting the disk is a relatively simple task when operat- 
ing programmed I/O or when operating under DMA with a 


c FF 
large amount of memory. Data and gap information must be 
INDEX MARK provided at the computer interface. Formatting the disk is 
‘ accomplished by positioning the R/W head over the de- 


sired track number and issuing the Write Track command. 


WRITE Upon receipt of the Write Track command, the head is 
Sereara cost loaded and the Busy Status bit is set. Writing starts with 
the leading edge of the first encountered index pulse and 
continues until the next index pulse, at which time the 
interrupt is activated. The Data Request is activated im- 
J PITE AY" INC MEM mediately upon receiving the command, but writing will not 

INITIALIZE CRC start until after the first byte has been loaded into the Data 
Register. If the DR has not been loaded by the time the 
index pulse is encountered the operation is terminated 

Waire esse eaeke making the device Not Busy, the Lost Data Status Bit is set, 
ere mreoine CLOCK and the interrupt is activated. If a byte is not present in the 

DR when needed, a byte of zeroes is substituted. 


This sequence continues from one index mark to the next 
waire ? CRC index mark. Normally, whatever data pattern appears in the 

baa data register is written on the disk with a normal clock 
pattern. However, if the 279X detects a data pattern of F5 
thru FE in the data register, this is interpreted as data ad- 


NO 
dress marks with missing clocks or CRC generation. 


The CRC generator is initialized when any data byte from 
TYPE Il! COMMAND WRITE TRACK F8 to FE is about to be transferred from the DR to the DSR 


CONTROL BYTES FOR INITIALIZATION 


DATA PATTERN WD279X INTERPRETATION WD279X INTERPRETATION 
IN DR (HEX) IN FM (DDEN = 1) IN MFM (DDEN = 0) 
00 thru F4 Write 00 thru F4 with CLK = FF Write 00 thru F4, in MFM 


F5 Not Aliowed Write A1* in MFM, Preset CRC 
F6 Not Allowed Write C2** in MFM 


F7 Generate 2 CRC bytes Generate 2 CRC bytes 
F8 thru FB Write F8 thru FB, Clk = C7, Preset CRC Write F8 thru FB, in MFM 
FC Write FC with Clk = D7 Write FC in MFM 

FD Write FD with Cik = FF Write FD in MFM 

FE Write FE, Clk = C7, Preset CRC Write FE in MFM 

FF Write FF with Cik = FF Write FF in MFM 


* Missing clock transition between bits 4 and 5 ** Missing clock transition between bits 3 and 4 
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or by receipt of F5 in MFM. An F7 pattern will generate two 
CRC characters in FM or MFM. As a consequence, the 
patterns F5 thru FE must not appear in the gaps, data 
fields, or ID fields. Also, CRC’s must be generated by an F7 
pattern. 

Disks may be formatted in IBM 3740.or System 34 formats 
with sector lengths of 128, 256, 512, or 1024 bytes. 


TYPE IV COMMANDS 

The Forced Interrupt command is generally used to ter- 
minate a multiple sector read or write command or to in- 
sure Type I status in the status register This command can 
be loaded into the command register at any time. If there is 
a current command under execution (busy status bit set) 
the command will be terminated and the busy status bit 


COPY'S FLAG 
TO SSO LINE 
(2795.7 ONLY} 


REAO 
ADDRESS 


reset. 


The lower four bits of the command determine the condi- 
tional interrupt as follows: 


'0 = Not-Ready to Ready Transition 
I} = Ready to Not-Ready Transition 
12 = Every Index Pulse 

13 = Immediate Interrupt 


The conditional interrupt is enabled when the correspond- 
ing bit positions of the command (!3 - lo) are set to a 1. 
Then, when the condition for interrupt is met, the INTRQ 
line will go high signifying that the condition specified has 
occurred. If !3 - !o are all set to zero (HEX DO), no interrupt 
will occur but any command presently under execution will 
be immediately terminated. When using the immediate 


READ TRACK 
SEQUENCE 


SHIFT ONE BIT 
INTO OSR 


SET INTRO 
RESET BUSY 


AODRESS 
MARK DETECTEC 
7 


HAVE 8 
BITS BEEN 
ASSEMBLED 
? 


SET LOST 


TYPE tli COMMAND 
Read Track/Address 
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RE 


interrupt condition !3 = 1), an interrupt will be immediately 
generated and the current command terminated. Reading 
the status or writing to the command register will not auto- 
matically clear the interrupt. The HEX DO is the only com- 
mand that will enabie the immediate interrupt (HEX D8) to 
clear on a subsequent load command register or read sta- 
tus register operation. Follow a HEX D8 with DO command. 


Wait 8 micro sec (double density) or 16 micro sec (single 
density) before issuing a new command after issuing a 
forced interrupt (times double when clock = 1 MHz). 
Loading a new command sooner than this will nullify the 
forced interrupt. 


Forced interrupt stops any command at the end of an in- 
temal micro-instruction and generates INTRQ when the 
specified condition is met. Forced interrupt will wait until 
ALU operations in progress are complete (CRC 
calculations, compares, etc.) 


More than one condition may be set at a time. If for 
example, the READY TO NOT-READY condition (11 = 1) 
and the Every Index Pulse ('2 = 1) are both set, the 
resultant command would be HEX “DA.” The “OR” func- 
tion is performed so that either a READY TO NOT-READY 
or the next Index Pulse will cause an interrupt condition. 


READ ADDRESS 
SEQUENCE 


RESET BUSY 
‘ SET TRO 
SET ANF 


TRANSFER TRACK 
NUMBER TO SECTOR 
REGISTOR 


TYPE Ill COMMAND 
Read Track/Address 


STATUS REGISTER 


Upon receipt of any command, except the Force Interrupt 
command, the Busy Status bit is set and the rest of the 
status bits are updated or cleared for the new command. If 
the Force Interrupt Command is received when there is a 
current command under execution, the Busy status bit is 
reset, and the rest of the status bits are unchanged. If the 
Force Interrupt command is received when there is not a 
current command under execution, the Busy Status bit is 
reset and the rest of the status bits are updated or cleared. 
In this case, Status reflects the Type | commands. 


The user has the option of reading the status register 
through program control or using the DRQ line with DMA or 
interrupt methods. When the Data register is read the DRQ 
bit in the status register and the DRQ line are automatically 
reset. A write to the Data register also causes both DRQ’s 
to reset. 


The busy bit in the status may be monitored with a user 
program to determine when a command is complete, in lieu 
of using the INTRQ line. When using the INTRQ, a busy 
status check is not recommended because a read of the 
status register to determine the condition of busy will reset 
the INTRQ line. 


The format of the Status Register is shown below: 


r7[e@is,4l[s]7]i le] 
Per [ss [ss [ee pos [os [oo] 


Status varies according to the type of command executed 
as shown in Table 4. , ; 


Because of internal sync cycles, certain time delays must 
be observed when operating under programmed I/O. They 
are: (times double when clock = 1 MHz) 


Next Operation 
Read Busy Bit 
(Status Bit 0) 

Read Status 

Bits 1-7 

Read From Diff. 
Register 


Delay Req'd. — 


Operation FM MFM 


Write to 
Command Reg. 


Write to 
Command Reg. 


Write Any 
Register 


IBM 3740 FORMAT — 128 BYTES/SECTOR 


Shown below is the IBM single-density format with 128 
bytes/sector. In order to format a diskette, the user must 
issue the Write Track command, and load the data register 
with the following values. For every byte to be written, there 
is one Data Request. 


HEX VALUE OF 
BYTE WRITTEN 


NUMBER 
OF BYTES 


FF (or 00)3 

00 

FC (Index Mark) 

FF (or 00) 

00 

FE (ID Address Mark) 
Track Number 

Side Number (00 or 01) 
Sector Number (1 thru 1A) 
00 (Sector Length) 

F7 (2 CRC’s written) 

FF (or 00) 

00 

FB (Data Address Mark) 
Data (IBM uses E5) 

F7 (2 CRC’s written) 

FF (or 00) 

FF (or 00) 


1. Write bracketed field 26 times 

2. Continue writing until 279X interrupts out. 
Approx. 247 bytes. 

3. A ‘00’ option is allowed. 


IBM SYSTEM 34 FORMAT- 
256 BYTES/SECTOR 


Shown below is the IBM dual-density format with 256 
bytes/sector. In order for format a diskette the user must 


PRVSICAL IHOER 


eaavies eu 
a2 BYTES Meta 


fo “WOEE ADDRESS MAAK 


aT ae 
tne peceoen 8s unre av TES OF 
fel mesa 1ON GETWEEN 
ry 1S wea unset 


“MAgSING CLOCK TRANSITION 
pEIWeEN elTS 3 | Ano 


rua }+— it Bytes —+- 


ue 22 ayTES 


WRITE GATE runt on FOR uPoaTE 
oF nee ToataF 


@ AVES 


12 BYTES 


issue the Write Track command and load the data register 
with the following vatues. For every byte to be written, there 
is one data request. 


HEX VALUE OF 
BYTE WRITTEN 


NUMBER 
OF BYTES 


4E 

00 

F6 (Writes C2) 

FC (Index Mark) 

4E 

00 

F5 (Writes A1) 

FE (ID Address Mark) 
Track Number (0 thru 4C) 
Side Number (0 or 1) 
Sector Number (1 thru 1A) 
01 (Sector Length) 

F7 (2 CRCs written) 

4E 

00 

F5 (Writes A1) 

FB (Data Address Mark) 
DATA 

F7 (2 CRCs written) 


nN 


*Write bracketed field 26 times 
** Continue writing until 279X interrupts out. 
' Approx. 598 bytes. 


Gae's. “10 oata 10 ATA FIELO it tl 10 DATA FIELO 
ra GAP RECORD RECORD econo ®ECORD *EcoRD RECORD 
carter NO 2 402 nO 3 NO 3 xO 78 4O 28 


crc 
a Ba 


t+ + OTE f_-—— noes —-| e 
reve \ 3 


—— WRITE TURN OFF FOR UPDATE 
GR PREVIOUS ATA FIELO 


IBM TRACK FORMAT 
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1. NON-IBM FORMATS 

Variations in the IBM formats are possible to a limited ex- 
tent if the following requirements are met: 

1) Sector size must be 128, 256, 512 of 1024 bytes. 

2) Gap 2 cannot be varied from the IBM. format. 

3) 3 bytes of A1 must be used in MFM. 


In addition, the Index Address Mark is not required for 
operation by the 279X. Gap 1, 3, and 4 lengths can be as 
short as 2 bytes for 279X operation, however PLL lock up 
time, motor speed variation, write splice area, etc. will add 
more bytes to each gap to achieve proper operation. It is 
recommended that the IBM format be used for highest 
system reliability. 


ELECTRICAL CHARACTERISTICS 
Absolute Maximum Ratings 


Voltage to any input with 

respect toVss = +7 to —0.5V 
Operating temperature = 0°C to 70°C 
Storage temperature = —55°C to + 125°C 


OPERATING CHARACTERISTICS (DC) 
Ta = 0°C to 70°C, Vss = OV, VCC = + 5V + .25V 


Input Leakage 
Output Leakage 
Input High Voltage 
input Low Voltage 
Output High Voltage 
Output Low Voltage 
Output High PUMP 
Output Low PUMP 
Power Dissipation 
Internal Pull-up* 
Supply Current 


[~Sympol | CHARACTERISTIC | MIN. | TR | WAX 
0 


Gap | 16 bytes FF 32 bytes 4E 


Gap Il 11 bytes FF 22 bytes 4E 
* 6 bytes 00 12 bytes 00 

- 3 bytes Ai 
Gap tll** 10 bytes FF 24 bytes 4E 
4 bytes 00 8 bytes 00 

3 bytes A1 


Gap IV 16 bytes FF 16 bytes 4E 


* Byte counts must be exact. 
** Byte counts are minimum, except exactly 3 bytes of A1 
must be written. 


NOTE: Maximum limits indicate where permanent device 
damage occurs. Continuous operation at these limits is not 
intended and should be limited to those conditions 
specified in the DC Electrical characteristics. 


CONDITIONS 

1 pA VIN = Voc 
10 pA Vout = Voc 

V 

V 

V lo = —100uA 

V lo = 1.6mA 

Vv “lop = -1.0mA 

V lop = +1.0mA 

WwW All Outputs Open 

pA VIN = OV 

mA All Outputs Open 


* Internal Pull-up resistors on PINS 1, 17, 19, 22, 36, 37 and 40. Also pin 25 on 2791 and 3. 
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TIMING CHARACTERISTICS 
Ta = 0°Cto 70°C, Vsg = OV, Vcc = +5V + .25V 
READ ENABLE TIMING 


[seo [_—chanscrensric [om [ve [wai [ons | conorions 


Seu ADDR & CS to RE 
Hold ADDR & CS from RE 
RE Pulse Width 

DRQ Reset from RE 
INTRQ Reset from RE 
Data Valid from RE 
Data Hold From RE 


Setup ADDR & CS to WE 
Hold ADDR & CS from WE 
WE Pulse Width 

DRQ Reset from WE 
INTRQ Reset from WE 
Data Setup to WE _ 
Data Hoid from WE 


See Note 


- 16° OR 32° US 
be Tora : 


DATA MUST 
* BE VALID 


NOTE | C5 MAY BE PERMANENTLY TIED LOW If DESIAED 
‘TIME COUBLES WHEN CLOCK IMP 


t SERVICE WORST CASE) 
"FM 235 uS 


Es M 
MES ARE peLes WHEN CLK © 1 MHz 


{SERVICE (WORST CASE) 
: u 3 LATER 
MEM 11 5uS “TIME GOUBLES WHEN CLOCK IM 


“MFM 13.55 

ne EDGE: INDICATES THAT THE DATA REGISTER HAS ASSEMBLED DRO RAISING EDGE. INDICATES THAT THE DATA REGISTER IS EMPTY 
ORG FALLING EDGE: INDICATES THAT THE DATA REGISTER 1S LOADED 

INTRQ RISING EOGE INDICATE THE END OF & COMMAND 

INTRQ FALLING EDGE; INDICATES THAT THE COMMAND AEGISTER 

iS WRITTEN TO 


ORQ FALLING EDGE. INDICATES THAT THE OATA REGISTER WAS READ 
INTRO RISING EDGE OCCURS AT ENO OF COMMAND 
INTRO FALLING EDGE. INDICATES THAT THE STATUS REGISTER WAS READ 


READ ENABLE TIMING WRITE ENABLE TIMING 
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INPUT DATA TIMING 


‘SYMBOL CHARACTERISTIC | typ. | MAX. | UNITS CONDITIONS 
TPW Raw Read Pulse Width ae] oe nsec 
Tec Raw Read Cycle Time nsec 

WRITE DATA TIMING: (ALL TIMES DOUBLE WHEN CLK = 1 MHz)(NO WRITE PRECOMPENSATION) 


[secs [__cranacrensno [win [ve [wax [ows [consis] 


Write Data Pulse Width 


Write Gate to Write Data 


Write Gate off from WD 


MISCELLANEOUS TIMING: 


Clock Duty (low) 
Clock Duty (high) 


Step Pulse Output See Note 
Dir Setup to Step + CLK ERROR 
Master Reset Pulse Width 
Index Pulse Width See Note 
Read Window Pulse Width Input 0-5V 
MFM 
FM + 15% 
Precomp Adjust. MFM 
WPW Write Data Pulse Width Precomp = 100 nsec 
MFM 
WPW Write Data Pulse Width Precomp = 300 nsec 
MFM 
VCO Free Run Voltage Controlled Cext = 0 
Oscillator Adjustabie by ext. Cext = 35 pf 
capacitor on Pin 26 
Pump Up + 25% PU = 2.2V 
Cext = 35 pf 
VEO Pump Down — 25% BD = 0.2V 
Cext = 35 pf 
vco 5% Change Vcc Cext = 35 pf 
Ta = 75°C Cext = 35 pf 
Adjustable external capacitor VCO = 4.0MHz 
nom 
Derived read clock VCO = 4.0MHz 


= VCO = 8, 16, 32 


PU/PD time on 
(pulse width) 


PU/DON 
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NOTES: 

1. Times double when clock = 1 MHz. 

2. Output timing readings are at VoL = 0.8v and VoH = 
2.0v. 


ce a: an alana vie 
[-— 1» — =| 
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STEP IN 
vor | 
pine Viele <t— AIRY —e 


Leste afis¢|-—frsre | “a8 5-9 


ae ie greens 


MISCELLANEOUS TIMING READ DATA TIMING 
*FROM STEP RATE TABLE 


—— 


Table 4. STATUS REGISTER SUMMARY 


ALL TYPE |! READ READ READ WRITE WRITE 
COMMANDS ADDRESS SECTOR TRACK SECTOR TRACK 
NOT READY NOT READY NOT READY NOT READY NOT READY NOT READY 
WRITE 0 0 0 WRITE 
PROTECT PROTECT 
HEAD LOADED 0 RECORD TYPE 
SEEK ERROR RNF RNF 0 RNF 
CRC ERROR CRC ERROR CRC ERROR 0 CRC ERROR 
TRACK 0 LOST DATA LOST DATA LOST DATA LOST DATA 
INDEX PULSE 
BUSY 


STATUS FOR TYPE | COMMANDS 


$7 NOT READY 


$6 PROTECTED 


S5 HEAD LOADED 


S4 SEEK ERROR 


This bit is an inverted copy of the Ready input and logically ‘ored’ with MR. 
When set, indicates Write Protect is activated. This bit is an inverted copy of WAPT input. 
When set, it indicates the head is loaded and engaged. This bit is a logical “and” of HLD and HLT 
signals. 
When set, the desired track was not verified. This bit is reset to 0 when updated. 


$3 CRC ERROR CRC encountered in ID field. 
When set, indicates Read/Write head is positioned to Track 0. This bit is an inverted copy of the 


$2 TRACK 00 
TROO input. 
$1 INDEX When set, indicates index mark detected from drive. This bit is an inverted copy of the iP input. 


SO BUSY When set command is in progress. When reset no command is in progress. 
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This bit when set indicates the drive is not ready. When reset it indicates that the drive is ready. | 
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STATUS FOR TYPE I! AND Ill COMMANDS 


PBITNAME =—s [MEANING 


$7 NOT READY This bit when set indicates the drive is not ready. When reset, it indicates that the drive is ready. 


On Read Record: Not Used. On Read Track: Not Used. On any Write: It indicates a Write Protect. 
$4 RECORD NOT 
FOUND (RNF) updated. 


This bit is reset when updated. 
$3 CRC ERROR If S4 is set, an error is found in one or more ID fields; otherwise it indicates error in data field. This 
bit is reset when updated. 


On Read Record: It indicates the record-type code from data field address mark. 1 = Deleted 
$2 LOST DATA When set, it indicates the computer did not respond to DRQ in one byte time. This bit is reset to 
zero when updated. 


This bit is an inverted copy of the Ready input and ‘ored’ with MR. The Type Ii and Ill Commands 
S6 WRITE PROTECT 

Data Mark. 0 = Data Mark..On any Write: Forced to a Zero. 
S1 DATA REQUEST This bit is a copy of the DRQ output. When set, it indicates the DR is full on a Read Operation or 


will not execute unless the drive is ready. 

S5 RECORD TYPE 
When set, it indicates that the desired track, sector, or side were not found. This bit is reset when 
the DR is empty on a Write operation. This bit is reset to zero when updated. 

SO BUSY 


When set, command is under execution. When reset, no command is under execution. 


SUMMARY OF ADJUSTMENT PROCEDURE 


WRITE PRECOMPENSATION 


1) Set TEST (Pin 22) toa logic high. 

2) Strobe MR (Pin 19). 

3) Set TEST (Pin 22) to a logic low. 

4) Observe pulse width on WD (Pin 31). 

5) Adjust WPW (Pin 33) for desired pulse width (Precomp Value). 
Set TEST (Pin 22) to a logic high. 


DATA SEPARATOR 


Set TEST (Pin 22) to a logic high. 
2) Strobe MR (Pin 19). Insure that 5/8, and ODEN are set properly. 

3) Set TEST (Pin 22) to a logic low. 

4 Observe Pulse Width on TG43 (Pin 29). 

5) Adjust RPW (Pin 18) for 1/8 of the read clock (250ns for 8” DD, 500ns for 5%” DD, etc.). 

6) Observe Frequency on DIRC (Pin 16). 

7) Adjust variable capacitor on VCO pin for Data Rate (500 KHz for 8” DD, 250 KHz for 514" DD, etc.). 
8) Set TEST (Pin 22) to a logic high. 


NOTE: To maintain internal VCO operation, insure that TEST = 1 whenever a master reset pulse is applied. 
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WD279X-02 Floppy Disk Formatter/Controller 
Family Application Notes 


INTRODUCTION 


In an effort to simplify Floppy Diskette interfacing, 
Western Digital has been constantly improving the 
LSt Controller/Formatter, the most recent of which is 
the WD279X Family of LSI controller devices, incor- 
porating advanced technology to include controller, 
Write Precompensation and Analog Phase Lock Loop 
in a single 40 pin dual-in-line package. With this 
package we can now Offer the designer the simplest 
ever interfacing option. 


The family consists of four members, WD2791, 
WD2793, WD2795 and WD2797. WD2791 and WD2793 
offer internal clock divide in true and inverted data 
bus. The WD2795 and WD2797 offer internal side se- 
lect. The family supports both 5144” and 8” Diskette 
Drives and both single and double density. 


HOST INTERFACING | 


The LS! Diskette Controller has been developed to 
ease the interfacing of Processor to Disk Device. The 
Host interfacing with WD279X Family is accom- 
plished with minimum external devices via an 8 bit Bi- 
directional bus, read/write controls, register select 
lines and optional control line for chip select, 514” or 
8” select, enable mini floppy, double density enable. 
The basic operation at the controller is accomplished 
by selecting the device via (CS) chip select line, en- 
abling selection of one of the five internal registers 
(Figure 1). 


Ai - AO READ (RE) WRITE (WE) 


0 | Status Register Command Register 
Track Register 
Sector Register 
Data Register 


0 | Sector Register 
Data Register 


0 
0 1 | Track Register 
1 
| 


Figure 1. 


Each time a command is issued to the WD279X, the 
busy bit is set and INTRQ (Interrupt Request) line is 
reset. The user has the option of testing for the busy 
bit or polling INTRQ to determine if command has 
been completed. 


The busy bit will be reset whenever the WD279X is 
idle and awaiting a new command. The INTRQ line 
once set, can only be reset by reading of the status 
register or issuing a new command. 


The Ao, Ai Lines used for register selections can be 
configured at the CPU in a variety of ways. These 


‘| Write to Read Busy Bit 
Command Reg. | (Status Bit 0) 


lines may actually tie to CPU addressed like RAM. 
They may also be used under Program Control by ty- 
ing to a port device such as the 8255, 6250, etc. As a 
diagnostic tool when checking out the CPU interface, 
the Track and Sector registers should respond like 
“RAM” when the WD279xX is idle (Busy = INTRQ = 0). 


Because of internal synchronization cycles, certain 
time delays must be introduced when operating un- 
der Programmed I/O. The worst case delays are: 


NEXT 
OPERATION _ OPERATION 


DELAY REQ’D. 
FM ; MFM | 


Write to Read Status 
Command Reg. | Bits 1-7 
Write Any Read From Diff. 
Register Register 
Other CPU interface lines are CLK, MR and DDEN. 
The CLK line should be 2 MHz (8” drive) or 1 MHz 
(51%4" drive) with 50% duty cycle. Accuracy should be 
+1% (crystal source) since all internal timing, in- 
cluding stepping rates, are based upon this clock, or 


a single 2 MHz CLK on WD2791 and WD2793 since 
ENMEF line will internally divide CLK. 


The MR or Master Reset Line should be strobed a 
minimum of 50 microseconds upon each power-on 
condition. This line clears and initalizes all internal 
registers and issues a restore command (Hex ‘03’) on 
the rising edge. A quicker stepping rate can be writ- 
ten to the command register after a MR, in which 


J 
t 
' 
' 
| 
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1 
t 
' 


- case the remaining steps will occur at the faster pro- 


grammed rate. The WD179X will issue a maximum of 
255 stepping pulses in an attempt to expect the TROO 
line to go active low. This line should be connected 
to the drive’s TROO sensor. 


The DDEN line causes selection of either single 
density (DDEN = 1) or double density operation. 
DDEN should not be switched during a read or write 
operation. 


The 5/8 Line selects interal VCO frequency to be 
used with 544” or 8” drives. 


FLOPPY DISK INTERFACE 


The Floppy Disk Interface can be divided into three 
sections: Motor Control, Write Signals and Read Sig- 
nals. All of these lines are capable of driving one TTL 
load and not compatible for direct connection to the 
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drive. Most drives require an open-collector TTL inter- 
face with high current drive capability. This must be 
done on all outputs from the WD279X. Inputs to the 
WD279X may be buffered or tied to the Drives out- 
puts, providing the appropriate resistor termination 
networks are used. Undershoot should not exceed 
-—0.3 volts, while integrity of VjH and VOH levels 
should be kept within spec. 


MOTOR CONTROL 


Motor Control is accomplished by the STEP and 
DIRC Lines. The STEP Line issues stepping pulses 
with period defined by the rate field in all Type | com- 
mands. The DIRC Line defines the direction of steps 
(DIRC = 1STEPIN/DIRC = OSTEP OUT). 


Other Control Lines include the IP or Index Pulse. 
This Line is tied to the drives’ Index L.E.D. sensor that 
informs the WD279X that the stepper motor is at its 
furthest position, over Track 00. The READY Line can 
be used for a number of functions, such as sensing 
“door open,” Drive motor on, etc. Most drives provide 
a programmable READY Signal selected by option 
jumpers on the drive. The WD279X will look at the 
ready signal prior to executing READ/WRITE com- 
mands. READY is not inspected during any Type 1 
commands. All type 1 commands will execute regard- 
less of the Logic Level on this Line. 


GENERAL DISK WRITE OPERATION 


When writing is to take place on the diskette the 
Write Gate (WG) output is activated, allowing current 
to flow into the Read/Write head. As a precaution to 
erroneous writing the first data byte must be loaded 
into the Data Register in response to a Data Request 
from the WD279X before the Write Gate signal can be 
activated. 


Writing is inhibited when the Write Protect input is a 
logic iow, in which case any Write command is im- 
mediately terminated, an interrupt is generated and 
the Write Protect status bit is set. 


RESTORE (SEEK TRACK 0) 


Upon receipt of this command the Track 00 (TRO0) in- 
put is sampled. If TROO is active low indicating the 
Read-Write head is positioned over track 0, the Track 
Register is loaded with zeroes and an interrupt is gen- 
erated. If TROO is not active low, stepping pulses (pins 
15 to 16) at a rate specified by the r4ro field are issued 
until the TROO input is activated. At this time the 
Track Register is loaded with zeroes and an interrupt 
is generated. If the TROO input does not go active low 
after 255 stepping pulses, the WD279X terminated 


operations, interrupts, and sets the Seek error status . 


bit. A verification operation takes place if the V flag is 
set. The h bit allows the head to be loaded at the start 
of command. Note that the Restore command is exe- 
cuted when MR goes from an active to an inactive 
state. 


SEEK 


This command assumes that the Track Register con- 
tains the track number of the current position of the 
Read-Write head and the Data Register contains the 
desired track number. The WD279X will update the 
Track register and issue stepping pulses in the appro- 
priate direction until the contents of the Track reg- 
ister are equal to the contents of the Data Register 
(the desired track location). A verification operation 
takes place if the V flag is on. The h bit allows the 
head to be loaded at the start of the command. An in- 
terrupt is generated at the completion of the com- 
mand. Note: When using multiple drives, the track 
register must be updated for the drive selected 
before seeks are issued. 


STEP 


Upon receipt of this command, the WD279X issues 
one stepping pulse to the disk drive. The stepping 
motor direction is the same as in the previous step 
command. After a delay determined by the ryrq field, 
a verification takes place if the V flag is on. If the T 
flag is on, the Track Register is updated. The h bit al- 
lows the head to be loaded at the start of the com- 
mand. An interrupt is generated at the completion of 
the command. 


STEP-IN 


Upon receipt of this command, the WD279X issues 
one stepping pulse in the direction towards track 0. If 
the T flag is on, the Track Register is decremented by 
one. After a delay determined by the ry19 field, a verifi- 
cation takes place if the V flag is on. The h bit allows 
the head to be loaded at the start of the command. 
An interrupt is generated at the completion of the 
command. 


EXCEPTIONS 


On the WD2795/7 devices, the SSO output is not af. 
fected during Type | commands, and an internal side 
compare does not take place when the (V) Verify Flag 
is on. 


For write operations, the WD279X provides Write 
Gate (Pin 30) and Write Data (Pin 31) outputs. Write 
data consists of a series of pulses set to a width ap- 
proximately three times greater than the precomp ad- 
justment. Write Data provides the unique address 
marks in both formats. 


READY 


Whenever a Read or Write command (Type II or III) is 
received the WD279X sampies the Ready input. If this 
input is logic low the command is not executed and 
an interrupt is generated. All Type | commands are 
performed regardiess of the state of the Ready input. 
Also, whenever a Type II or Ill command is received, 
the TG43 signal output is updated. TG43 may be tied 
to ENP to enable write precompensation on tracks 
44-76. 
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COMMAND DESCRIPTION 


The WD279X will accept eleven commands. Com- interrupt is generated and the Busy status bit is reset. = 
mand words should only be loaded in the Command The Status Register indicates whether the completed oO 
Register when the Busy status bit is off (Status bit 0). command encountered an error or was fault free. For > | 
The one exception is the Force interrupt command. ease of discussion, commands are divided into four | 
Whenever a command is being executed, the Busy types. Command types are summarized in Table 1 So] 
status bit is set. When a command is completed, and and Table 2. © | 
rm | 


Table 1. COMMAND SUMMARY ; 
A. Commands for Models: 2791, 2793 B. Commands for Models: 2795, 2797 { 


Restore 
Seek 
Step 
Step-in 


Step-out 

Read Sector 
Write Sector 
Read Address 
Read Track 
Write Track 
Force Interrupt 


—a Ato et ot A OOO OC 


ao 

Ny 
ny 
Ny 
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Table 2. FLAG SUMMARY 


Command Bit 
Type No(s) Description 


0,1 1110 = Stepping Motor Rate 
See Table 3 for Rate Summary 


2 V = Track Number Verify Flag} V = 0. No verify 
V = 1, Verify on destination track 
3 h = Head Load Flag h = 0, Load head at beginning 
h = 2, Unload head at beginning 
4 T = Track Update Flag T = 0, Noupdate 
T = 1, Update track register 
0 a0 = Data Address Mark 40 = 0, FB (DAM) 
aQ= 1, F8 (deleted DAM) 
WH & HH 1 C = Side Compare Flag C = 0. Disable side compare 
C = 1. Enable side compare 
H&M 1 U = Update SSO U = 0, Update SSO to0 
; U = 1. Update SSO to 1 
It & A 2 E = 15MS Delay E = 0,No15 MS delay 
E = 1, 15 MS delay (30 MS for 1 MHz) 
3 S = Side Compare Flag S = 0. Compare for side 0 
S = 1, Compare for side 1 
3 L = Sector Length Flag 
LSB’'s Sector Length in ID Fieid 
00 04 10 
iL = 256 512 1024 128 | 
L =1 128 256 512 1024 | 
4 m = Multiple Record Flag m = 0, Single record 
m = 1, Multiple records 
0-3 Ix = Interrupt Condition Flags 
lo = 1 Not Ready To Ready Transition 
14 = 1 Ready To Not Ready Transition 
2 = 1 Index Pulse ' 
13 = 1 Immediate interrupt, Requires A Reset’ 
I3-l0 = 0 Terminate With No Interrupt (INTRQ) 


*NOTE: See Type 1V Command Description for further information. 


information furnished by Western Digital Corporation is believed to be accurate and reliable. However, no responsibility is assumed by Western Digital 
Corporation for its use; nor for any infringements of patents or other rights of third parties which may result from its use. No license is granted by © 
implication or otherwise under any patent or patent rights of Western Digital Corporation. Western Digital Corporation reserves the right to change 
specifications at anytime without notice. 
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Cem 8259A/8259A-2/8259A-8 | 
“= PROGRAMMABLE INTERRUPT CONTROLLER 


a individual Request Mask Capability 
ws Single +5V Supply (No Clocks) 
Eight: al Priority Controller « 28-Pin Dual-in-Line Package 


, Expandable to 64 Levels a Available in EXPRESS 
- Standard Temperature Range 
pregenmene Interrupt Modes ~ Extended Temperature Range 


* <The inte 8259A Programmable interrupt Controller handles up to eight vectored priority interrupts for the CPU. It is 
~ cascadable for up to 64 vectored priority interrupts without additional circuitry. It is packaged in a 28-pin DIP, uses 
“NMOS technology and requires a single + 5V supply. Circuitry is static, requiring no clock input. 


The 8259A is designed to minimize the software and real time overhead in handling multi- level priority interrupts. It has 
7 i several modes, permitting optimization for a variety of system requirements. 


The 8259A is fully upward compatible with the Intel® 8259. Software originally written for the 8259 will operate the 
ee * g2s9a in all 8259 equivalent modes (MCS-80/85, Non-Buffered, Edge Triggered). 


NTA INT 


IN 
SERVICE 


: “N INTERRUPT MASK REG 
CASCADE , MOR 
BUFFER/ : 


COMPARATOR 


INTERNAL BUS 


Figure 1. Block Diagram Figure 2. Pin Configuration 


tel Corporation Assumes No Responsibilty tor the Use of Any Circestry Other Than Circuitry Embodied in an Intel Product. No Other Circuit Patent Licenses are implied 
MINTEL CORPORATION, 1980 2-120 AFN-00221C 
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Table 1. Pin Description 


2 es senna 
Co +5V Supply. 


_t [see Select: A low on this pin enables RD and WR communication between the a and the 8259A. 
. INTA functions are independent of CS. 
wa ea eke | | | Write: Alowon this pin when CS is low enables the 8259A to accept command words trom the CPU. 


cae ee Read: A low on this pin when CS is low enables the 8259A to release status onto the data bus for the 
CPU. 


VO | Bidirectional Data Bus: Control, status and interrupt-vector information is transferred via this bus. 
eee 12,13,15} /O | Cascade Lines: The CAS lines form a private 8259A bus to controla multiple 8259A structure. These 
pins are outputs for a master 8259A and inputs for a slave 8259A. 


VO | Slave Program/Enable Buffer: This is a dual function pin. When in the Buffered Mode it can be used 
as an output to control buffer transceivers (EN). When not in the buffered mode it is used as an input 


to designate a master (SP = 1) or slave (SP = 0). 


eae This pin goes high whenever a valid interrupt request is asserted. It is used to interrupt the 
oes thus it is connected to the CPU's interrupt_pin. 


interrupt Requests: Asynchronous inputs. An interrupt request is executed by raising an IR input 
(low to high), and holding it high until it is acknowledged (Edge Triggered Mode), or just by a high 
level on an IR input (Level Triggered Mode). 


INTA interrupt Acknowledge: This pin is used to enable 8259A interrupt-vector data onto the data bus by 
a sequence of interrupt acknowledge pulses issued by the CPU. 
| AO Address Line: This pin acts in conjunction with the CS, WR, and RD pins. It is used by the 8259A 


to decipher various Command Words the CPU writes and status the CPU wishes to read. It is typically 
connected to the CPU AQ address line (Ai for iAPX 86, 88). 


| 
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FUNCTIONAL DESCRIPTION 


Interrupts in Microcomputer Systems 


Microcomputer system design requires that I/O devices 
such as keyboards, displays, sensors and other com- 
ponents receive servicing in an efficient manner so that 
large amounts of the total system tasks can be assumed 
by the microcomputer with little or no effect on through- 
put. 


The most common method of servicing such devices is 
the Polied approach. This is where the processor must 
test each device in sequence and in effect “ask” each 
one if it needs servicing. It is easy to see that a large por- 
tion of the main program is looping through this con- 
tinuous polling cycle and that such a method would 
have a serious, detrimental effect on system through- 
put, thus limiting the tasks that could be assumed by 
the microcomputer and reducing the cost effectiveness 
of using such devices. 


A more desirabie method would be one that would allow 
the microprocessor to be executing its main program 
and only stop to service peripheral devices when it Is 
told to do so by the device itself. In effect, the method 
would provide an external asynchronous input that 
would inform the processor that it should complete 
whatever instruction that is currently being executed 
and fetch a new routine that will service the requesting 
device. Once this servicing is complete, however, the 
processor would resume exactly where it left off. 


This method is called /nterrupt. It is easy to see that 
. system throughput would drastically increase, and thus 
more tasks could be assumed by the microcomputer to 
further enhance its cost effectiveness. 


The Programmable Interrupt Controller (PIC) functions 
as an overall manager in an Interrupt-Driven system 
environment. It accepts requests from the peripheral 
equipment, determines which of the incoming requests 
is of the highest importance (priority), ascertains 
whether the incoming request has a higher priority value 
than the level currently being serviced, and issues an 
interrupt to the CPU based on this determination. 


Each peripheral device or structure usually has a special 
program or “routine” that is associated with its specific 
functional or operational requirements; this is referred 
to as a “service routine”. The PIC, after issuing an inter- 
rupt to the CPU, must somehow input information into 
the CPU that can “point” the Program Counter to the 
service routine associated with the requesting device. 
This “pointer” is an address in a vectoring table and will 
often be referred to, in this document, as vectoring data. 


The 8259A 


The 8259A is a device specifically designed for use in 
real time, interrupt driven microcomputer systems. it 
manages eight levels or requests and has built-in fea- 
tures for expandability to other 8259A’s (up to 64 levels). 
It is programmed by the system's software as an I/O 
peripheral. A selection of priority modes is available to 
the programmer so that the manner in which the re- 
quests are processed by the 8259A can be configured to 
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match his system requirements. The priority modes can | 
be changed or reconfigured dynamically at any time dur- 
ing the main program. This means that the complete 
interrupt structure can be defined as required, based on 
the total system environment. 


CPU-DRIVEN 
MULTIPLEXOR 
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Figure 3b. Interrupt Method 
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INTERRUPT REQUEST REGISTER CAR) AND 
iIN-SERVICE REGISTER (ISR) 


The interrupts at the IR input Jines are handled by two 
registers In cascade, the Interrupt Request Register 
(IRR) and the In-Service Register (ISR). The IRR is used 
to store all the interrupt levels which are requesting ser- 
vice; and the ISA is used to store ail the interrupt levels. 
which are being serviced. 


PRIORITY RESOLVER 


This logic block determines the priorities of the bits set 
in the IRR. The highest priority is selected and strobed 
into the corresponding bit of the ISR during INTA pulse. 


INTERRUPT MASK REGISTER (IMR) 


The IMR stores the bits which mask the interrupt lines 
to be masked. The IMR operates on the IRR. Masking of 
a higher priority input will not affect the interrupt 
request lines of lower priority. 


INT (INTERRUPT) 

This output goes directly to the CPU interrupt input. The 
Von level on this line is designed to be fully compatible 
with the 8080A, 8085A and 8086 input levels. 


INTA (INTERRUPT ACK NOWLEDGE) 


INTA pulses will cause the 8259A to release vectoring 
information onto the data bus. The format of this data 
depends on the system mode (uPM) of the 8259A. 


DATA BUS BUFFER 


This 3-state, bidirectional 8-bit buffer is used to inter- 
face the 8259A to the system Data Bus. Control words 
and status information are transferred through the Data 
Bus Buffer. 


READ/WRITE CONTROL LOGIC 


The function of this block is to accept OUTput com- 
mands from the CPU. It contains the Initialization Com- 


mand Word (ICW) registers and Operation Command . 


Word (OCW) registers which store the various control 
tormats for device operation. This function block also 
allows the status of the 82594 to be transferred onto the 
Data Bus. 


CS (CHIP SELECT) 

A LOW on this input enables the 8259A. No reading or 
writing of the chip will occur unless the device is 
selected. 


WR (WRITE) 


A LOW on this input enabies the CPU to write control 
words (ICWs and OCWs) to the 8259A. 


RD (READ) 

A LOW on this input enables the 8259A to send the 
status of the Interrupt Request Register (IRR), In Service 
Register (!SR), the Interrupt Mask Register (1MR), or the 
Interrupt level onto the Data Bus. 
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Figure 4a. 8259A Block Diagram 
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Figure 4b. 8259A Block Diagram 
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This input signal is used in conjunction with WR and RD 
signals to write commands into the various command 
registers, as well as reading the various status registers 
of the chip. This line can be tied directly to one of the ad- 
dress lines. 
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THE CASCADE BUFFER/COMPARATOR 


This function block stores and compares the !Ds of all 
8259A's used in the system. The associated three I/O 
pins (CASO-2) are outputs when the 8259A is used as a 
master and are inputs when the 8259A is used as a 
slave. As a master, the 8259A sends the ID of the inter- 
rupting slave device onto the CAS0-2 lines. The siave 
thus selected will send its preprogrammed subroutine 
address onto the Data Bus during the next one or two 
consecutive INTA pulses. (See section “Cascading the 
8259A"’.) 


INTERRUPT SEQUENCE 


The powerful features of the 8259A in a microcomputer 
system are its programmability and the interrupt routine 
addressing capability. The latter allows direct or indirect 
jumping to the specific interrupt routine requested 
without any polling of the interrupting devices. The nor- 
mal sequence of events during an interrupt depends on 
the type of CPU being used. 


The events occur as follows in an MCS-80/85 system: * 


1.One or more of the INTERRUPT REQUEST lines 

(IR7-0) are raised high, setting the corresponding IRR 

bit(s). 

The 8259A evaluates these requests, and sends an 
INT to the CPU, if appropriate. 

3. The CPU acknowledges the INT and responds with an 
INTA pulse. 

. Upon receiving an INTA from the CPU group, the 
highest priority ISR bit is set, and the corresponding 
IRR bit is reset. The 8259A will also release a CALL in- 
struction code (11001101) onto the 8-bit Data Bus 

_through its 07-0 pins. 

. This CALL instruction will initiate two more INTA 
pulses to be sent to the 8259A from the CPU group. 

. These two INTA pulses allow the 82594 to release its 
preprogrammed subroutine address onto the Data 
Bus. The lower 8-bit address is released at the first 
INTA puise and and the higher 8-bit address is re- 
leased at the second INTA pulse. 

7. This completes the 3-byte CALL instruction released 
by the 8259A. In the AEO! mode the ISR bit is reset at 
the end of the third INTA pulse. Otherwise, the ISR bit 
remains set until an appropriate EOI command is 
issued at the end of the interrupt sequence. 


The events occurring in an iAPX 86 system are the same 
until step 4. 


ad 
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4. Upon receiving an INTA from the CPU group, the high- 
est priority ISR bit is set and the corresponding IRR 
bit is reset. The 8259A does not drive the Data Bus 
during this cycle. , 

5. The iAPX 86/10 will initiate a second INTA pulse. 
During this pulse, the 8259A releases an 8-bit pointer 
onto the Data Bus where it is read by the CPU. 


6. This completes the interrupt cycie. In the AEOI mode 
the ISR bit is reset at the end of the second INTA 
pulse. Otherwise, the ISR bit remains set until an 
appropriate EOI command is issued at the end of the 
interrupt subroutine. 
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If no interrupt request is present at step 4 of either 
sequence (i.e., the request was too short in duration) the 
8259A will issue an interrupt level 7. Both the vectoring 
bytes and the CAS lines will look like an interrupt level 7 
was requested. 
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Figure 4c. 8259A Biock Diagram 
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ENABLE BUFFER invenauer 


REQUESTS 


Figure 5. 8259A Interface to Standard 
System Bus 
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INTERRUPT SEQUENCE OUTPUTS 

MCS-80%, MCS-85° 

This sequence is timed by three INTA pulses. During the 
first INTA pulse the CALL opcode is enabled onto the 
data bus. 


Content of First Interrupt 
Vector Byte 


CALL CODE 1 1 0 0 1 1 0 1 


During the second iNTA pulse the lower address of the 
appropriate service routine is enabled onto the data bus. 
When interval = 4 bits A5-A7 are programmed, while Ag- 
A, are automatically inserted by the 8259A. When Inter- 
val = 8 only Ag and A; are programmed, while Ag-As are 
automatically inserted. 


.Content of Second Interrupt 
Vector Byte 


o7 08) = SS ABs i 
7 | Ay AG AS 1 
| 6 | AZ AB AS 1 1 
0 


>| > 
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During the third INTA pulse the higher address of the - 


appropriate service routine, which was programmed as 
byte 2 of the initialization sequence (Ag—Ajs), is 
enabled onto the bus. 


Content of Third Interrupt 
Vector Byte 


D7 06 05 D4. D3 D2 b1 DO 
Tas [aw [aa [ae [an [ao [as [as | 
iAPX 86, iAPX 88 

iAPX 86 mode is similar to MCS-80 mode except that only 
two Interrupt Acknowledge cycles are issued by the pro- 
cessor and no CALL opcode is sent to the processor. The 
first interrupt acknowledge cycle is similar to that of 
MCS-80, 85 systems in that the 8259A uses it to internally 
freeze the state of the interrupts for priority resolution and 


as a master it issues the interrupt code on the cascade 
lines at the end of the INTA pulse. On this first cycle it does 
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not issue any data to the processor and leaves its data bus 
buffers disabled. On the second interrupt acknowledge 
cycle in iAPX 86 mode the master (or slave if so pro- 
grammed) will send a byte of data to the processor with 
the acknowledged interrupt code composed as follows 
(note the state of the ADI mode control is ignored and 
As-A1i are unused in iAPX 66 mode): 


Content of Interrupt Vector Byte 
for IAPX 86 System Mode 


|_| 07 | 06 | os | oe | 0s | 2 | 01 | 00 | 
pon7 [7 [te | rs | te fra | ts fo | | 
| me | 7 | re | ts | ts fre | ts tt flo 
poms [7 [te [ts | re [rs] s fo | | 
| me | ty | te [ts [ra [re | st | o fo | 
| ime [7 | re [ts [r¢ [ rs fo [1 [0 | 
| mi |r | te | ts | v4 | 3 | o fo fs | 
| mo | t7 | re | ts | tm | 9 | o | o | o | 


PROGRAMMING THE 8259A 


The 8259A accepts two types of command words gener- 
ated by the CPU: 


1. Initialization Command Words (IC Ws): Before norma! 
operation can begin, each 8259A in the system must 
be brought to a starting point — by a sequence of 2 to 
4 bytes timed by WR pulses. 


2. Operation Command Words (OCWs): These are the 
command words which command the 8259A to oper- 
ate in various interrupt modes. These modes are: 
a. Fully nested mode 
b. Rotating priority mode 
c. Special mask mode 
d. Poiled mode 


The OCWs can be written into the 8259A anytime after 
initialization. 

INITIALIZATION COMMAND WORDS 
(ICWS) 

GENERAL 


Whenever a command is issued with AO=0 and D4=1, 
this is interpreted as Initialization Command Word 1 
(ICW1). ICW1 starts the initialization sequence during 
which the following automatically occur. 


"a. The edge sense circuit is reset, which means that fol- 


lowing initialization, an interrupt request (IR) input 
must make a low-to-high transition to generate an 
interrupt. . 

. The Interrupt Mask Register is cleared. 

. IR7 input is assigned priority 7. 

. The slave mode address is set to 7. 

. Special Mask Mode is cleared and Status Read is set to 
iRR. 


f. if \C4=0, then all functions selected in ICW4 are set to 
zero. (Non-Buffered mode’, no Auto-EOI, MCS-80, 85 
system). 


eoaosge 


*Note: Master/Siave in iCW4 is only used in the buffered mode. 
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INITIALIZATION COMMAND WORDS 1 AND 2 
(ICw1, ICW2) 


As-Ajs: Page starting address of service routines. |n an 
MCS 80/85 system, the 8 request levels will generate 
CALLs to 8 locations equally spaced in memory. These 
can be programmied to be spaced at intervals of 4 or 8 
memory locations, thus the 8 routines will occupy a 
page of 32 or 64 bytes, respectively. 


The address format is 2 bytes long (Ag-Aj5). When the 
routine interval is 4, Ag~A, are automatically inserted by 
the 8259A, while As-Ais are programmed externally. 
When the routine interval is 8, Ap-As are automatically 
inserted by the 8259A, while Ag-A,s are programmed 
externally. 


The 8-byte intervai will maintain compatibility with cur- 
rent software, while the 4-byte interval is best for a com- 
pact jump table. 

In an iAPX 86 system Ay5—A44 are inserted in the five most 
significant bits of the vectoring byte and the 8259A sets 
the three least significant bits according to the interrupt 
level. Ayg-Ags are ignored and AD! (Address interval) has 
no effect. 


LTIM: If LTIM=1, then the 8259A will operate in the 
level interrupt mode. Edge detect logic on the 
interrupt inputs will be disabled. 


ADI: CALL address interval. AD/ = 1 then interval = 4; 
AD! = 0 then interval = 8. 


SNGL:; Single. Means that this is the only 8259A in the 
system. If SNGL= 1 no ICW3 will be issued. 


1C4: If this bit is set — ICW4 has to be read. If ICW4 
is not needed, set IC4=0. 


NO (SINGL = 1) 


READY TO ACCEPT : 
INTERRUPT REQUESTS 


INITIALIZATION COMMAND WORD 3 (ICW3) 


This word is read only when there is more than one 
8259A in the system and cascading is used, in which 
case SNGL=O. It will load the 8-bit slave register. The 
functions of this register are: 


a. In the master mode (either when SP = 1, or in buffered 
mode when M/S=1 in ICW4) a ‘1” is set for each 
slave in the system. The master then will release byte 
1 of the call sequence (for MCS-80/85 system) and 
will enable the corresponding slave to release bytes 2 
and 3 (for iAPX 86 only byte 2) through the cascade 
lines. 

b. In the slave mode (either when SP=0, or if BUF = 1 
and M/S=0 in ICW4) bits 2-0 identify the slave. The 
slave compares its cascade input with these bits and, 
if they are equal, bytes 2 and 3 of the call sequence (or 
just byte 2 for iAPX 86 are released by it on the Data 
Bus. 

INITIALIZATION COMMAND WORD 4 (ICW4) 


SFNM: If SFNM=1 the special fully nested mode is 
programmed. ; 

BUF: If BUF =1 the buffered mode is programmed. in 
buffered mode SP/EN becomes an enabie outp 
and the master/slave determination is by M/S. 

M/S: If buffered mode is selected: M/S=1 means the 
8259A is programmed to be a master, M/S=0 
means the 8259A is programmed to be a slave. If 
BUF =0, M/S has no function. 

AEOI!: If AEOl=1 the automatic end of interrupt mode 
is programmed. ; 

uPM: Microprocessor mode: 4PM = 0 sets the 8259A for 
MCS-80, 85 system operation, uPM = 1 sets the 
8259A for iAPX 86 system operation. 


Figure 6. Initialization Sequence 
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NOTE 1: SLAVE ID IS EQUAL TO THE CORRESPONDING 
MASTER IR INPUT. 


Y ICW4 NEEDED 
0+ NO ICw4 NEEDED 


1 = SINGLE 
0 = CASCADE MODE 


CALL ACORESS INTERVAL 
1 = INTERVAL OF 4 
O= INTERVAL OF 8 


1 = LEVEL TRIGGERED MODE 
0 = EDGE TRIGGERED MODE 


Ay~Ag of INTERRUPT 
VECTOR ADDRESS 
(MCS-80/85 MODE ONLY) 


Ayg-Ag OF INTERRUPT 
VECTOR ADORESS 
(MCS80/85 MODE) 
T,-T, OF INTERRUPT 
VECTOR ADDRESS 
(8086/8088 MODE) 


Y= IR INPUT HAS A SLAVE 
0 = IR INPUT DOES NOT HAVE 
A SLAVE 


1 = 8086/8088 MODE 
0 = MCS-80/85 MODE 


1 AUTO EOI 
0 = NORMAL. EO! 


—_ x NON BUFFERED MOOE 
[0 | - BUFFERED MODE/SLAVE 
{1 | 1 _]- BUFFERED MODE/MASTER 


1 = SPECIAL FULLY NESTED 
MODE 

0 = NOT SPECIAL FULLY 

NESTED MOOE 


Figure 7. Initialization Command Word Format 
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OPERATION COMMAND WORDS (OCWs) 


After the initialization Command Words (ICWs) are pro- 
grammed into the 8259A, the chip is ready to accept 
interrupt requests at its input lines. However, during the 
8259A operation, a selection of algorithms can com- 


mand the 8259A to operate in various modes through 


the Operation Command Words (OCWs). 


OPERATION CONTROL WORDS (OCWs) 


ocw1 


Ao D7 #086 DS D4 D3 02 ODI obo 
[+] M7 M6 MS Mé M3. M2. M1 MO 


ocw2 


[o] R SL Eco 0 © wW LI tO 


ocws 
[0 | 0 ESMM SMM 0 71 PRR AIS 
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OPERATION CONTROL WORD 1 (OCW1) 


OCW1 sets and clears the mask bits in the interrupt 
Mask Register (IMR). M7— Mo represent the eight mask 
bits. M=1 indicates the channel is masked 
(inhibited), M=0 indicates the channel is enabled. 


OPERATION CONTROL WORD 2 (OCW2) 


R, SL, EO! — These three bits control the Rotate and 
End of Interrupt modes and combinations of the two. A 
chart of these combinations can be found on the Opera- 
tion Command Word Format. 


Lo, Lj, Lp —These bits determine the interrupt level acted 
upon when the SL bit is active. 


OPERATION CONTROL WORD 3 (OCW3) 


ESMM — Enable Special Mask Mode. When this bit is 
set to 1 it enables the SMM bit to set or reset the Special 
Mask Mode. When ESMM=O0 the SMM bit becomes a 
“don’t care”. - 

SMM — Special Mask Mode. If ESMM= 1 and SMM = 1 
the 8259A will enter Special Mask Mode. If ESMM = 1 
and SMM = 0 the 82594 will revert to normal mask mode. 
When ESMM = 0, SMM has no effect. 
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INTERRUPT MASK 
1 = MASK SET 
0 » MASK RESET 


ROTATE IN AUTOMATIC EO! MODE (SET) 
ROTATE it AUTOMATIC EO! MODE (CLEAR 
“ROTATE ON SPECIFIC EO! COMMAND 
“SET PRIORITY COMMAND 

NO OPERATION 


READ REGISTER COMMAND 


READ READ 
IRREG {ISREG 

. NO ACTION ON NEXT | ON NEXT 
RO PULSE | AD PULSE 


AESET SET 
NO ACTION SPECIAL | SPECIAL 
MASK MASK 


Figure 8. Operation Command Word Format 
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FULLY NESTED MODE 


This mode is entered after initialization unless another 
mode is programmed. The interrupt requests are 
ordered in priority form 0 through 7 (0 highest). When an 
_ interrupt is acknowledged the highest priority request is 
determined and its vector placed on the bus. Additional- 
ly, a bit of the Interrupt Service register (ISO-7) is set. 
This bit remains set until the microprocessor issues an 
End of Interrupt (EOI) command immediately before 
returning from the service routine, or if AEO! (Automatic 
End of Interrupt) bit is set, until the trailing edge of the 
last INTA. While the IS bit is set, all further interrupts of 
the same or lower priority are inhibited, while higher 
levels will generate an interrupt (which will be 
acknowledged only if the microprocessor internal Inter- 
rupt enable flip-flop has been re-enabled through soft- 
ware). ; 
After the Initialization sequence, IRO has the highest 
priority and IR7 the lowest. Priorities can be changed, as 
will be explained, in the rotating priority mode. 


END OF INTERRUPT (EOI) 


The In Service (IS) bit can be reset either automatically 
foliowing the trailing edge of the last in sequence INTA 
pulse (when AEOI bit in ICW1 is set) or by a command 
word that must be issued to the 8259A before returning 
from a service routine (EO! command). An EOI command. 
must be issued twice if in the Cascade mode, once for the 
master and once for the corresponding slave. 


There are two forms of EO! commana: Specific and Non- 
Specific. When the 8259A is operated in modes which 
preserve the fully nested structure, it can determine 
which {S bit to reset on EO!. When a Non-Specific EO! 
command is issued the 8259A will automatically reset 
the highest IS bit of those that are set, since in the 
fully nested mode the highest IS level was necessarily the 
last level acknowledged and serviced. A non-specific EO! 
can be issued with OCW2 (EO! = 1, SL = 0, R = 0). 


When a mode is used which may disturb the fully nested 
‘structure, the 8259A may no longer be able to determine 
the last level acknowledged. In this case a Specific End of 
Interrupt must be issued which includes as part of the 
command the IS level to be reset. A specific EOI can be is- 
sued with OCWe (EO! = 1, SL = 1, R = 0, and LO-L2 is the 
binary level of the IS bit to be reset). 


It should be noted that an IS bit that is masked by an 
IMR bit will not be cleared by a non-specific EOI if the 
8259A is in the Special Mask Mode. 


AUTOMATIC END OF INTERRUPT (AEO!) MODE 


lf AEO! = 1 in ICW4, then the 8259A will operate in AEO! 
mode continuously until reprogrammed by ICW4. In this 
mode the 8259A will automatically perform a non- 
specific EOI operation at the trailing edge of the last 
interrupt acknowledge pulse (third pulse in MCS-80/85, 

second ini iAPX 86). Note that from a system standpoint, 
this mode should be used only when a nested multilevel 
interrupt structure is not required within a single 8259A. 


The AEO! mode can only be used in a master 8259A and 
not a slave. 
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AUTOMATIC ROTATION 
(Equal Priority Devices) 


In some applications there are.a number of interrupting 
devices of equal priority. in this mode a device, after 
being serviced, receives the lowest priority, so a device 
requesting an interrupt will have to wait, in the worst | 
case until each of 7 other devices are serviced at most 
once. For example, if 8 priority and “in service” status 
is: 


Before Rotate (IR4 the highest priority requiring service) 


S77 188 {SS 1S4 {S3 !S2 ($1 ISO 
rol+ [e+ [ololelo 


Lowest Priority Highest Priority 


After Rotate (IR4 was serviced, all other priorities 
rotated correspondingly) 


“IS” Status 


Priority Status 


Ss7 1S6 {S§ 1S4 1IS3 IS2 1S! 


1S" Status 


Highest Priority 


2) s[ol7#e] sts] a] 


Lowest Priority 


Priority Status 


There are two ways to accomplish Automatic Rotation 
using OCW2, the Rotation on Non-Specific EOl Command — 
(R = 1, SL = 0, EOI = 1) and the Rotate in Automatic EO! 
Mode which is set by (R = 1,SL = 0, EO! = 0) andcleared; . 
by (R = 0,SL=0,EOI=0). ~ | 


SPECIFIC ROTATION 

(Specific Priority) 

The programmer can change priorities by programming 
the bottom priority and thus fixing all other priorities; 
i.e., if IR5 is programmed as the bottom priority device, 
then IR6 will have the highest one. 


The Set Priority command is issued in OCW2 where: 
R=1,SL=1;LO-L2 is the binary priority level code of the 
bottom priority device. 


Observe that in this mode internal status is updated by 
software control during OCW2. However, itis independent 
of the End of Interrupt (EOI) command (also executed by 
OCW2). Priority changes can be executed during an EO! 
command by using the Rotate on Specific EO! command 
in OCW2 (R = 1, SL = 1, EO! = 1 and LO-L2 = IR level to 
receive bottom priority). 


INTERRUPT MASKS 


Each Interrupt Request input can be masked individu- 
ally by the Interrupt Mask Register (IMR) programmed 
through OCW1. Each bit in the IMR masks one interrupt 
channei if it is set (1). Bit O masks IRO, Bit 1 masks IR1 
and so forth. Masking an IR channel does not affect the 
other channels operation. 
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SPECIAL MASK MODE 


Some applications may require an interrupt service 
routine to dynamically alter the system priority struc- 
ture during its execution under software control. For 
example, the routine may wish to inhibit lower priority 
requests for a portion of its execution but enable some 
of them for another portion. 


The difficulty here is that if an Interrupt Request is 
acknowledged and an End of Interrupt command did not 
reset its IS bit (i.e., while executing a service routine), 
the 8259A would have inhibited all lower priority 
requests with no easy way for the routine to enable 
them 


That is where the Special Mask Mode comes in. In the 
special Mask Mode, when a mask bit is set in OCW14, it 
inhibits further interrupts at that level and enabies inter- 
rupts from aii other jevels (lower as well as higher) that 
are not masked. 


Thus, any interrupts may be selectively enabled by 
loading the mask register. 


The special Mask Mode is set by OCWS3 where: 
SSMM=1, SMM=1, and cleared where SSMM=1, 
SMM=O. : 
LTIN @iy 
9 = E0GE 
Te LEVEL 
phere re 
LATCH 
im 
RTA 
MCS-80, 85 
MODE 
FREETE 
inva S 
PX 86 in 
MODE 


FREEZE 


NOTES 


READ IRA 


TO OYHER PRIORTY CELLS 
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POLL. COMMAND 


in this mede the INT output is not used or the micropro- 
cessor internal Interrupt Enable flip-flop is reset, disabling 
its interrupt input. Service to devices is achieved by 
software using a Poll command. — 


The Poll command is issued by setting P =‘1" in OCW3. 
The 8259A treats the next RO pulse to the 8259A (i.e., 
AD =0, CS=0) as an interrupt acknowledge, sets the 
appropriate IS bit if there is a request, and reads the 
priority level. Interrupt is frozen from WR to RD. 


The word enabled onto the data bus during RD is: 


bé os 04 D3 02 01 bo 
w2 Wi wo 


07 


W0-W2: Binary code of the highest priority level 
requesting service. 
I; Equal to a “1” if there is an interrupt. 


This mode is useful if there is a routine command com- 
mon to several levels so that the INTA sequence is not 
needed (saves ROM space). Another application is to 
use the poll mode to expand the number of priority 
leveis to more than 64. 


1. MASTER CLEAR ACTIVE ONLY DURING ICWI 


3. TRUTH TABLE FOR O-LATCH 


¢€ i) a OPERATION 
yo; 8 oO FOLLOW 
o ' & Qn-1 MOLD 


Figure 9. Priority Cell—Simplified Logic Diagram 
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READING THE 8259A STATUS 


The input status of several internal registers can be read to 
update the user information on the system. The following 
registers can. be read via OCW3 (IRR and ISR or OCW1 
[IMR)). 


Interrupt Request Register (IRR): 8-bit register which con- 
tains the levels requesting an interrupt to be acknowl- 
edged. The highest request level is reset from the IRR 
when an interrupt is acknowledged. (Not affected by IMR.) 


In-Service Register (ISR): 8-bit register which contains the 
priority levels that are being serviced. The ISR is updated 
when an End of Interrupt Command is issued. 


Interrupt Mask Register: 8-bit register which contains the 
interrupt request lines which are masked. 


The IRR can be read when, prior to the RD pulse, a Read 
Register Command is issued with OCW3 (RR = 1, RIS = 0.) 


The ISR can be read when, prior to the RD pulse, a Read 
Register Command is issued with OCW3(RR = 1, RIS = 1). 


There is no need to write an OCWS before every status 
read operation, as long as the status read corresponds 
with the previous one; i.e., the 8259A ‘‘remembers”’ 
whether the IRR or !SR has been previously selected by 
the OCWS. This is not true when poll is used. 


After initialization the 8259A is set to IRR. 


For reading the IMR, no OCWS is needed. The output data 
bus will contain the IMR whenever RD is active and AO =1 
(OCW). 


Polling overrides status read when P = 1, RR = 1 in OCW3. 


INT 


INTA 


EARLIEST IR 
CAN BE REMOVED 


LATCH’ 
ARMED 


EDGE AND LEVEL TRIGGERED MODES 


This mode is programmed using bit 3 in ICW1. 


If LTIM = ‘0’, an interrupt request will be recognized by a 
low to high transition on an IR input. The IR input can re- 
main high without generating another interrupt. 


If LTIM = ‘1’, an interrupt request will be recognized by a 
‘high’ level on IR Input, and there is no need for an edge 
detection. The interrupt request must be removed before 
the EO! command is issued or the CPU interrupt is enabled 
to prevent a second interrupt from occurring. 


The priority cell diagram shows a conceptual circuit of the 
level sensitive and edge sensitive input circuitry of the 
8259A. Be sure to note that the request latch is a transpar- 
ent D type latch. 


In both the edge and level triggered modes the IR inputs 
must remain high until after the falling edge of the first 
INTA. If the IR input goes low before this time a DEFAULT 
IR7 will occur when the CPU acknowledges the interrupt. 
This can be a useful safeguard for detecting interrupts 
caused by spurious noise glitches on the IR inputs. To im- 
plement this feature the IR7 routine is used for ‘clean up”’ 
simply executing a return instruction, thus ignoring the 
interrupt. If IR7 is needed for other purposes a default IR7 
can still be detected by reading the ISR. A normal IR7 
interrupt will set the corresponding !SR bit. a default IR7 


won't. If a default IR7 routine occurs during a normal IR7 


routine, however, the ISR will remain set. In this case it is 
necessary to keep track of whether or not the IR7 routine 
was previously entered. If another IR7 occurs it is a 
default. 


8086/8088 8080/8085 


8086/8088 


LATCH’ 
“EDGE TRIGGERED MODE ONLY ARMED 


Figure 10. IR Triggering Timing Requirements 
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THE SPECIAL FULLY NESTED MODE 


This mode will be used in- the case of a hig system 
where Cascading is used, and the priority has to be con- 
served within each slave. in this case the fully nested 
mode will be programmed to the master (using ICW4). 
This mode is similar to the normal nested mode with the 
following exceptions: 


a. When an interrupt request from a certain slave is in 
service this slave is not locked out from the master’s 
priority logic and further interrupt requests from 
higher priority IR’s within the siave will be recognized 
by the master and will initiate interrupts to the proc- 
essor. (In the normai nested mode a slave is masked 
out when its request is in service and no higher 
requests from the same slave can be serviced.) 


b. When exiting the Interrupt Service routine the soft- 
ware has to check whether the interrupt serviced was 
the only one from that slave. This is done by sending 
a non-specific End of Interrupt (EO!) command to the 
slave and then reading its In-Service register and 
checking for zero. [f.it is empty, a non-specific EO! 
can be sent to the master too. If not, no EOI should be 
sent. 


BUFFERED MODE 


When the 8259A /s used in a large system where bus 
driving buffers are required on the data bus and the cas- 
cading mode is used, there exists the probiem of enabi- 
ing buffers. 


The buffered mode will structure the 8259A to send an 
enable signal on SP/EN to enabie the buffers. In this 


mode, whenever the 8259A’s data bus outputs are ena- 
bied, the SP/EN output becomes active. | 


This modification forces the use of software program- 
ming to determine whether the 8259A is a master ora 
slave. Bit 3 in ICW4 programs the buffered mode, and bit 
2 in ICW4 determines whether it is a master or a slave. 


CASCADE MODE 


The 8259A can be easily interconnected inasystem of one 
master with up to eight slaves to handle up to 64 priority 
levels, 


The master controls the slaves through the 3 line cascade 
bus, The cascade bus acts like chip selects to the slaves 
during the INTA sequence. 


In a cascade configuration, the slave interrupt outputs are 
connected to the master interrupt request inputs. When a 
slave request line is activated and afterwards acknowl- 
edged, the master will enable the corresponding slave to 
release the device routine address during bytes 2 and 3 of 
INTA. (Byte 2 only for 8086/8088). 


The cascade bus lines are normally low and wil! contain 
the slave address code from the trailing edge of the first 
INTA pulse to the trailing edge of the third pulse. Each 
8259A in the system must follow a separate initialization 
sequence and can be programmed to work in a different 
mode. An EO! command must be issued twice: once for 
the master and once for the corresponding slave. An 
address decoder is required to activate the Chip Select 
(CS) input of each 8259A. 


The cascade lines of the Master 8259A are activated only 
for slave inputs, non slave inputs leave the cascade line 
inactive (low). 


ADDRESS BUS (16) 


Ee | 


CONTROL BUS 


4 INT REQ 
\ 


' ' 


OATA BUS (8) 


00-7 


82598 
CAS 1 MASTER 


CAS2 
SB:ENM? M6 MS M4 M3 M2 M1 MO 


INTERAUPT REQUESTS 


Figure 11. Cascading the 8259A 


AFN-00221E 


intel 8259A/8259A-2/8259A-8 


ABSOLUTE MAXIMUM RATINGS* “NOTICE: Stresses above those listed under ‘‘Absolute 
Ambient Temperature Under Bias .......... 0°C to 70°C Maximum Ratings” may cause permanent damage to the 
Storage Temperature .............. -65°C to +150°C device. This is a stress rating only and functional opera- 
Voltage on Any Pin tion of the device at these or any other conditions above 

with Respectto Ground ............. -0.5V to+7V those indicated in the operational sections of this specifi- 
Power Dissipation .......... ccc cece eee eens 1 Watt cation is not implied. 


D.C. CHARACTERISTICS = [Ta = 0°C to 70°C, Voc = 5V £5% (8259A-8), Voc = 5V + 10% (8259A, 8259A-2)] 


[—Synbor—[ Parameter | in wax Unto [Feat Conaitana 
[i net Tow Votiage [0s [0s 
“in| tonut igh Votage | 20" [Wee 087 vf 
Vou} output tow votiage [| 04s [Vv | “i = 2k] 
[Vor [ Output Figh Votage [a4 [9 on = = 200 
Interrupt Output High ee ae) eee lees) lon = ~100nA 


Voltage 


Output Leakage Current Be aa ey Sa oer 04BV <Vour <Vec 
[ec [Veo SuopiyGurent [| CS mA TCS 
A Vv 0 
ILA IR Input Load Current | {800s a IN = 
eer | ee ee ee 


*Note: For Extended Temperature EXPRESS V,,, = 2.3V. 


CAPACITANCE (Ta = 25°C; Vcc = GND = OV) 


| Symbol_| Parameter | Min._| Typ. | Max. | Unit _| Test Conditions 
|G | InputCapacitance | | | 0 | fo = 1 MHZ 
1/O Capacitance | Et |p Unmeasured pins returned to va 


A.C. CHARACTERISTICS [T, = 0°C to 70°C, Veg = 5V +5% (8259A-8), Voc = 5V + 10% (8259A, 8259A-2)] 
ean ae | [ae i a 


Tan [AO SuperomT | ot fel le) [=> 

TTRHAC [AOIGS Hold ater RBMTAT | _s | |e| [oe] || | 
raat [AB Puse wien wf [asf [io | [= | 
TAHWL [AOS seuptoWR ———+| | te] |e| || | 
FTwnax [AoreS Hold aterm | ao | fe | fel] [m| 
Prwuwe [WA Pusewian +) oof ao | fro ffm | 
Frovwi [ata Setup oWR | ao | pew | prot fm | 
FrwHox [Oataoidaterwar ———=«t aw | fo | fe | pm) 
Fras [interrupt Reavest wath cow) | 100 | [100] [100 | | ns | Seonotet | 


Cascade Setup to Second or Third 
TONIAY | INTAL (Slave Only) Dac {=| __ 
End of RD to next RD 
TRHRL | End of INTA to next INTA within 
an INTA uesabents ou 


LTWHWL lendofWAtonextWR | t90 | | 190 | | t90 | 


TIMING L REQUIREMENTS 


2-134 AFN-00221E 


I, _~— 


[evo [cascade vad oveigoare | [300 | [300 | [200 | ns | 


intel 8259A/8259A-2/8259A-8 


A.C. CHARACTERISTICS (Continued) 


End of Command to next coma OS 
(Not same command type) 
oe: || of INTA sequence to next 
oe: || sequence. 


“Worst case timing for TCHCL in an actual microprocessor system is typically much greater than 500 ns (i.e. 8085A = 1.6us, 
8085A-2 = 1yus, 8086 = 1us, 8086-2 = 625 ns) 
NOTE: This is the low time required to clear the input latch in the edge triggered mode. 


*TCHCL 


TIMING RESPONSES 


ke Parameter “peepee ie S269A-2 Units Test Conditions 
TRLOV Data Valid trom RD/INTA| C of Data Bus= 
100 pF 


Min. test C = 15 pF 
TIALCV Cascade Valid from First INTA| 
(Master amy 


Cr = 100 pF 
er raa 
ea 
[tavov [Ona Vali rom Stabe adcress_[ [aso | | 200 | [200 | ve 


Ccascaoe = 100 pF 


A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 


INPUT/OUTPUT 


. 20 DEVICE 
_ TEST POINTS a pal 

. 0.8 

0.45 


AC TESTING INPUTS ARE DRIVEN AT 2.4V FORALOGIC 1 AND 0.45V FOR 
ALOGIC O TIMING MEASUREMENTS ARE MADE AT 2.0V FORALOGIC 1 


AND 0.8V FOR ALOGIC 0. C, = 100 pF 


C. INCLUDES JIG CAPACITANCE 


WAVEFORMS 
WRITE wh 
cs 
” AOORESS BUS 
ae 
DATA BUS 


Aanar 


Hh TYPES SN54LS670, SN74LS670 
MSI 4-BY-4 REGISTER FILES WITH 3-STATE OUTPUTS 


BULLETIN NO. DL-S 7612122, MARCH 1974—REVISED OCTOBER 1976- 


description 


SNS4LS670 ... JOR W PACKAGE 
Separate Read/Write Addressing Permits SN74LS670 ... 3 OR N PACKAGE 
Simultaneous Reading and Writing (TOP VIEW) 


Fast Access Times... Typically 20 ns’ gi rit se rs eS 
Organized as 4 Words of 4 Bits VAs fill 
Expandable to 512 Words of n-Bits 
For Use as: 
Scratch-Pad Memory 
Buffer Storage between Processors 
Bit Storage in Fast Multiplication Designs 


3-State Outputs 


SN54LS170 and SN74LS170 Are Similar (02 “0S Da, FR Aa Ge G3, GND 
But Have Open-Collector Outputs ; READ SELECT OUTPUTS 


f positive logic: see description 


The SN54LS670 and SN74LS670 MSI 16-bit TTL register files incorporate the equivalent of 98 gates. The register file 
is organized as 4 words of 4 bits each and separate on-chip decoding is provided for addressing the four word locations 
to either write-in or retrieve data. This permits simultaneous writing into one location and reading from another word 
location. 


Four data inputs are available which are used to supply the 4-bit word to be stored. Location of the word is determined 
by the write-address inputs A and B in conjunction with a write-enable-signal. Data applied at the inputs should be in its 
true form. That is, if a high-level signal is desired from the output, a high-level is applied at the data input for that 
particular bit location. The latch inputs are arranged so that new data will be accepted only if both internal address gate 
inputs are high. When this condition exists, data at the D input is transferred to the latch output. When the write-enable 
input, Gy, is high, the data inputs are inhibited and their levels can cause no change in the information stored in the 
internal tatches. When the read-enable input, GR, is high, the data outputs are inhibited and go into the high-impedance 
state. 


The individual address lines permit direct acquisition of data stored in any four of the latches. Four individual decoding 
gates are used to complete the address for reading a word. When the read address is made in conjunction with the 
read-enable signal, the word appears at the four outputs. 


This arrangement—data-entry addressing separate from data-read addressing and individual sense line—eliminates 
recovery times, permits simultaneous reading and writing, and is limited in speed only by the write time 
(27 nanoseconds typical) and the read time (24 nanoseconds eaypieale The register file has a nondestructive readout in 
that data is not lost when addressed. 


All inputs except read enable and write enable are buffered to lower the drive requirements to one Series 54LS/74LS 
standard load, and input-clamping diodes minimize switching transients to simplify system design. High-speed, 
double-ended AND-OR-INVERT gates are employed for the read-address function and have high-sink-current, 
three-state outputs. Up to 124 of these outputs may be wire-AND connected for increasing the capacity up to 512 
words. Any number of these registers may be paralleled to provide n-bit word length. 


The SN54LS670 characterized for operation over the full military temperature range of —55°C to 125°C; the 
SN74LS670 is characterized for operation from O°C to 70°C. 
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TYPES SN54LS670, SN74LS670 
4-BY-4 REGISTER FILES WITH 3-STATE OUTPUTS 


REVISED OCTOBER 1976 


5 logic 
* WRITE FUNCTION TABLE (SEE NOTES A, B, AND C) READ FUNCTION TABLE (SEE NOTES A AND D) 


WOB2 WOB3 WwOB4 
W1B2 W1B3 WiB4 


W2B2 W2B3 W2B4 
W382 W3B3 W3B4 
Zz Zz Zz 


H = high level, L = low level, X = irrelevant, Z = high impedance (off) 

(Q = D) = The four selected internal flip-flop outputs will assume the states applied to the four external data inputs. 
Qg = the levei of Q before the indicated input conditions were established. 

WOB1 = The first bit of word O, etc. 


NOTES: 


9OOP ix rore 


functional block diagram 


or [>o gy 4 
ters 
o2 So ae aaa: 2 
eure OUTPUTS 
os 2 So 7s 
o4 
| “tort eat alia a 
as re oe ae 
a 5 
0 5 i 
ala 1 
L\ 
(12) L\ 
Gw (13) (14) oo QU (sy 
We Wa Re GA Ra 
bes 
WRITE INPUT READ INPUT 
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TYPES SN54LS670, SN74LS670 
4-BY-4 REGISTER FILES WITH 3-STATE OUTPUTS 


schematics of inputs and outputs 


EQUIVALENT OF EACH INPUT TYPICAL OF ALL OUTPUTS 


Vec 


OUTPUT 


Any 0, R, or W: Reg = 20 kQ NOM 
GR Req = 6.67 k2 NOM 
Gw: Reg = 19 k2 NOM 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc (see Note 1) 2 6 we ee ee eee ee UN 
Inputvoltage: 52% ceo i ene See ee en end oS Gr ee ae eG, as cae se ee Poa te ce a) TY 
Off-state output voltage ee ee . Bo Wwbs sas Sep evel tem eng tse Ga ck wae del eee PRE ve -.. . 55V 
Operating free-air temperature range: SN54L8670 oe Ee ee, Sees eaten nae st a 55° C to 125°C 

SN74LS670 gs terty A bg Balt oad <b Hote tee 3 OFC TOT O°€ 
Storage temperature range... . . 1. ee ee tee ee <1 OU co 1310 0 © 


recommended operating conditions 


[Suppiyvotews Veg —SSSCSCSCSC“‘“‘“‘“‘<CSt*r Sa BRL 
[Fish-evel output ean iQH 
Bo aT REL REEL 


nee input with respect to- 
‘ae 
bade select with respect to 
pat input with respect to 
ee ce os 
Woe select with respect to 
eee tpt 
Loteht time for new data, tigtch (see Note 3) 


Setup times, high- or low-level data 


(see Figure 2) 


Hold times, high- or low-levej data 
(see Note 2 and Figure 2) 


NOTES: 1. Voltage vatues are with respect to network ground terminal, 
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2. Write-select setup time will protect the data written into the previous address. If protection of data in the previous address is not 
required, tsyu(yy) can be ignored as any address selection sustained for the final 30 ns of the write-enable pulse and during th(w) 
will result in data being written into that location, Depending on the duration of the input conditions, one or a number of 
previous addresses may have been written into. 


3. Latch time is the time allowed for the internal output of the latch to assume the state of new data. See Figure 2. This is important 
only when attempting to read from a location immediately after that location has received new data. 
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TYPES SN54LS670, SN74LS670 
4-BY-4 REGISTER FILES WITH 3-STATE QUTPUTS 


REVISED OCTOBER 1976 


electrical characteristics over recommended operating free-air seriperature range (unless otherwise noted) 


soe N74LS670 
PARAMETER TEST CONDITIONST areata s UNIT 
MIN TYPt MAX | MIN TYP? MAX 


Vin Highievel inpurvoltage 07 
Vi__Lowlevel inputvortoge [SSS | 
Vik _ Input clamp voltage Vec=MIN, y= —-18mA ee ee ee 


Vec= MIN, Vin=2V, [ign =—tma [2a 3@ 
Vv High-level Ita 
Pee ee eee NILE igure 243i 
Veo= MIN, Vin=2V, [lqu=4ma [" "035 oa [0.28 0A 


Vv Low-level! output voltage 
de pacers? [vin = Vit max jout@ma [| a8 8 
Off-state output current, 
i} Voc = MAX, Vip =2V, Vv 2.7V 
02H high-level voltage applied oe ie a id ee Sas 
Off-state output current, 
I Vcc = MAX, Vin=2YV, Vv 0.4V —20 
Mae low-level voltage applied pa as ae er 
aniuibier ee Te eae RE 


Gee es 
Any 0, A orW ea 5 SRST 7 


Input current at 
* maximum input voitage 


ItH 9 High-level input current 


tyL Low-level input current 


icc Supply current een ee a 


tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
Tai typical values are at Voc = 5 V, Ta = 25°C. 
Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 
NOTE 4: Maximum lec is guaranteed for the following worst-case conditions: 4.5 V is applied to all data inputs and both enable inputs, all 
address inputs are grounded and all outputs are open. 


switching characteristics, Vcc = 5 V, Ta = 25°C 


PARAMETER! Eom 7 TEST a 
j (INPUT) (OUTPUT) 
as. aes See Figures 1 and 2 


t 
Write enable aye 


t 
Data Any Q 
i. aa a 


eee: eee 

t 
eee re ‘ 
i 


: Mr = propagation delay time, low-to-high-jevel output 
PLH 
tpH L = propagation delay time, high-to-low-level output 
t2}H = output enable time to high levet 
tz_ = Output enable time to low level 
tHz = output disable time from high level 
tLz = Output disable time from low level 


MIN TYP MAX | UNIT 


CL=15pF, RL =2kQ, 
See Figures 1 and 3 


CL=5pF, RL =2kQ, 
See Figures 1 and 4 
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TYPES SN54LS670, SN74LS670 
4-BY-4 REGISTER FILES WITH 3-STATE OUTPUTS 


PARAMETER MEASUREMENT INFORMATION 


TEST 
POINT Vec 
d S| 
FROM OUTPUT 
T 
aero (See Note B) 
CL 
(See Note A) oe 
$2 
NOTES: A. Cy includes probe and jig capacitance, 
B. Ali diodes are 1N916 or 1N3064, LOAD CIRCUIT 
FIGURE 1 


WRITE-SELECT 
INPUT Wa or Wg 
{See Note A) 


DATA INPUT 
D1, D2, D3, or D4 
(See Note A} 


WRITE-ENABLE 
INPUT Gw 


READ-SELECT 
INPUT Ra or Rg 
(See Note B) 


OUTPUT 
Q1, Q2, Q3, or Q4 


VOLTAGE WAVEFORMS (S1 AND S2 ARE CLOSED) 


NOTES: A. High-level input puises at the select and data inputs are illustrated; however, times associated with tow-level pulses are measured 
from the same reference points. 
8B. When measuring delay times from a read-select input, the read-enable input is tow. 
C. Input waveforms are supplied by generators having the following characteristics: PRR © 2 MHz, Zou, = 50 2, duty cycie < 50%, 
ty © 15 ns, ty <6 ns. 
FIGURE 2 
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TYPES SN54LS670, SN74LS670 
4-BY-4 REGISTER FILES WITH 3-STATE QUTPUTS 


PARAMETER MEASUREMENT INFORMATION 


-DATA INPUT 
Di, D2, D3, or 04 


WRITE-ENABLE 
INPUT Gy 


OUTPUT 
Qi, Q2, Q3, or 04 


VOLTAGE WAVEFORM 1 (S1 AND S2 ARE CLOSED) 


DATA INPUT 
Di, 02, D3, or D4 


WRITE-ENABLE 
INPUT Gy 


OUTPUT 
Q1, Q2, Q3, or Q4 


{ VOLTAGE WAVEFORM 2 (S1 AND S2 ARE CLOSED) 
NOTES: A. Each select address is tested. Prior to the start of each of the above tests both write and read address inputs are stabilized with 


Wa = Ra and We = Rg. During the test Gp is low. 
B. Input waveforms are supplied by generators having the following characteristics: PRR <1 MHz, Zoyz * 50 92, duty cycle < 50%, 


tr S15 ns, t <6 ns. 


FIGURE 3 
: 3V 
: READ 13V au 
ENABLE 1 

| as ----- Ov 

: er a 
+ ----245v 
| WAVEFORM 1 | $1 closed, oe v | S2closed uy 
| (See Note A) ! $2 open ! at 5 
: ! ae 
| {2H fo tHzZ 05 VOSV 
| Ee 
WAVEFORM 2 $).éeen: — ey 
; (See Note A) $2 closed 1.3v r S1 and y 
: =e S2 closed 
VOLTAGE WAVEFORMS 


ENABLE AND DISABLE TIMES, THREE-STATE OUTPUTS 
NOTES: A. Waveforms 1 is for an output with internal conditions such that the output is low except when disabled by the read-enab } 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the read-enable input. 
B. When measuring delay times from the read-enable input, both read-select inputs have been established at steady states. 
C. {Input waveforms are supplied by generators having the following characteristics: PRR <1 MHz, Zoyy = 50 2, duty cycle < 50%, 


t, © 16 ns, ty <6 ns. FIGURE 4 


le input. 
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IAPX 80186 


High Integration 16-Bit Microprocessor 


DISTINCTIVE CHARACTERISTICS 


@ Integrated teature set 
Enhanced 8086-2 CPU 
Clock generator 
- Two independent, high-speed DMA channels 

- Programmable interrupt controller 
Three programmabie 16-bit timers. 
Programmable memory and peripheral 
chip-select logic 

- Programmable wait state generator 

— Local bus controller 

Available in 8 MHz (80186-3) and cost effective 6 MHz 

(80186-6) versions 

High performance processor 

~ Two times the performance of the standard iAPX 86 

— 4M byte/sec bus bandwidth interface 

Direct addressing capability to 1M byte of memory 

Completely object code compatible with all existing 

iAPX 86, 88 software 

- Ten new instruction types 

Compatible with 6282/83/86/87, 8288, 8289 bus 

support components 

® Optional numeric processor extension 

- iAPX 186 with a high-performance 80-bit numeric 

data processor the 8087 


GENERAL DESCRIPTION 


The iAPX 186 (80186 part number) is a highly integrated 
16-bit microprocessor. It effectively combines 15 20 of 
the most common iAPX 86 system components onto one, 
The 80186 provides two times greater throughput than the 
standard 5MHz iAPX 86. The iAPX 186 is upward com- 
patible with iAPX 66 and 88 software and adds 10 new 
instruction types to the existing set. 


The iAPX 186 comes in a 68-pin package and requires a 
single +5V power supply. 


Figure 1. IAPX*186 Block Diagram 
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Figure 2. 80186 Pinout Diagram 
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Table 1. 80186 Pin Description 


Name and Function 


System Ground. 


Reset Output indicates that the 60186 CPU is being reset, and can be used as a 
system reset. It is active HIGH, synchronized with the processor clock, and 
lasts an integer number of clock periods corresponding to the length of the 
RES signal. _ 


Crystal inputs, X1 and X2, provide an external connection for a fundamental 
mode parallel resonant crystal for the internal crystal oscillator. X1 can inter- 
face lo an external clock instead of a crystat. The input or oscillator frequency 
is internally divided by two to generate lock signal (CLKOUT). 

Clock Output provides the system with a 50% duty cycle waveform. All device 
pin limings are specified relative to CLKOUT. CLKOUT has sufficient MOS drive 
| capabilities for the 8087 Numeric Processor Extension. 


CLKOUT 


System Reset causes the 60186 to immediately terminate its present activity, 
clear the internal logic, and enter a dormant state. This signal may be asyn- 
chronous to the 80186 clock. The 80186 begins fetching instructions approxi- 
mately 7 clock cycles after FES is returned HIGH. RES is required to be LOW for 
greater than 4 clock cycles and is internally synchronized. For proper initializa- 
tion. the LOW-to-HIGH transition of RES must occur no sooner than 50 
microseconds after power up. This input is provided with a Schmitl-trigger to 
facilitate power-on HES generation via an RC network. When RES occurs. the 
80186 will drive the status lines to an inactive level for one clack, and then 
tri-state them 


1APX 186 


Table 1. 60186 Pin Description (Continued) 


Name and Function 


TEST is examined by the WAIT instruction. If the TEST input is HIGH when 
“WAIT” execution begins, instruction execution will suspend. TEST will be 
resampled until it goes LOW, at which time execution will resume. If interrupts 
are enabled while the 80186 is waiting for TEST, interrupts will be serviced. This 
input is synchronized internally. 


TMA IN QO, Timer Inputs are used either as clock or contro! signals, depending upon the 
TMA IN1 programmed timer mode. These inputs are active HIGH (or LOW-to-HIGH 
transitions are counted) and internally synchronized. 


TMA OUT 0, Timer outputs are used to provide single pulse or continuous waveform gener- 
TMR OUT 1 ig ation, depending upon the timer mode selected. 


OMA Request is driven HIGH by an external device when it desires that a 
DMA channel (Channel 0 or 1) perform a transfer. These signals are active 
HIGH, level-triggered, and internally synchronized. 


Non-Maskable Interrupt is an edge-triggered input which causes a type 2 
interrupt. NMI is not maskable internally. A transition from a LOW to HIGH 
initiates the interrupt at the next instruction boundary. NMI is latched inter- 
nally. An NMI duration of one clock or more will guarantee service. This input is 
internally synchronized. 


INTO, INT1, Maskable interrupt Requests can be requested by strobing one of these pins. 
INT2/INTAO When configured as inputs, these pins are active HIGH. Interrupt Requests are 
INTS/INTAI synchronized internally. INT2 and INT3 may be configured via software to 
provide active-LOW interrupt-acknowledge output signals. All interrupt inputs 
may be configured via software to be either edge- or jevel-triggered. To ensure 
recognition, all interrupt requests must remain active until the interrupt is 
acknowleged. When iRMX mode Is selected, the function of these pins 
changes (see Interrupt Controller section of this data sheet). 


Address Bus Outputs (16-19) and Bus Cycle Status (3-6) reflect the four most 
significant address bits during T;. These signals are active HIGH. During Ta. 
Tg. Tw, and 14, status information is available on these tines as encoded 
below: 


Low High 
sé Processor Cycle OMA Cycle 


$3,S4, and S5 are defined as LOW during T2-Ts. 


Address/Data Bus (0-15) signals constitute the time mutiplexed memory or VO 
address (T;) and data (T2, 13, Tw, and 14) bus. The bus is active HIGH. Ag is 
analogous to BHE for the lower byte of the data bus, pins D7 through Do. It is 
LOW during T; when a byte is to be transferred onto the lower portion of the 
bus in memory or '/O0 operations. 


During T; the Bus High Enable signal should be used to determine if data ia to 
be enabled onto the most significant half of the data bus, pins Dy5-Dg. BHE is 
LOW during T, for read, write, and interrupt acknowledge cycles when a byte is 
to be transferred on the higher half of the bus. The S7 status information is 
available during Tz, 33, and Tg. S7 is logically equivalent to BHE. The signal is 
active LOW, and is tristated OFF during bus HOLD. 


BHE and AO Encogings 


BHE Value | AO Vatue Function 
0 0 Word Transter 
0 1 Byte Transfer on upper half of data bus (D15-D8) 
1 0 Byte Transfer on lower half of data bus (D7-Dp) 
1 < 


1___] Reserved 
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Table 1. 60186 Pin Description (Continued) 


Name and Functlon 


ALE/QSO 


Address Latch Enable/Queve Status 0 is provided by the 80186 to latch the 
address into the 8282/8283 address latches. ALE is active HIGH. Addresses are 
guaranteed to be valid on the trailing edge of ALE. The ALE rising edge is 
generated off the rising edge of the CLKOUT immediately preceding T; of the 
associated bus cycle, effectively one-half clock cycle earlier than in the stan- 
dard 8086. The tralling edge is generated off the CLKOUT rising edge in T; as 
in the 8086. Note that ALE is never floated. 


Write Strobe/Queue Status 1 indicates that the data on the bus is to be written 
into a memory or an V/O device. WR is active for Tz, 13, and Tw of any wrile 
cycle. {tis active LOW, and floats during “HOLD.” It is driven HIGH for one clock 
during Reset, and then floated. When the 80186 is in queue status mode, the 
ALE/QSO and WvOS1 pins provide information about processor/instruction 
queue interaction. 


Queue Operation 
No queue operation 


First opcode byte fetched from the queue 
Subsequent byte fetched from the queue 
Empty the queue 


Read Strobe indicates that the 80186 is performing a memory or I/O read cycle. 
RD is active LOW for Tz, T3. and Ty of any read cycle. tt is guaranteed nol to go 
LOW in To until after the Address Bus is floated, AD is active LOW, and floats 
during "HOLD." AD is driven HIGH for one clock during Reset, and then the 
output driver is floated. Aweak internal pull-up mechanism on the AD line hols 
it HIGH when the line is not driven. During RESET the pin is sampled to 
determine whether the 80186 should provide ALE, WA, and RD, or if the 
Queue-Status should be provided. FID should be connected to GND to provide 
Queue-Status data. 


Asynchronous Ready Intorms the 80186 that the addressed memory space or 
VO device will complete a data transfer. The ARDY input pin will accept an 
asynchronous input, and is active HIGH. Only the rising edge is internally 
synchronized by the 80186. This means that the falling edge of ARDY must be 
synchronized to the 80186 clock. If connected to Voc, no WAIT states are 
inserted. Asynchronous ready (ARDY) or synchronous ready (SADY) must be 
active to terminate a bus cycle, 


Synchronous Ready must be synchronized externally to the 80186. The use of 
SROY provides a relaxed system-timing specification on the Ready input. This 
is accomplished by eliminating the one-half clock cycle which is required for 
internally resolving the signal level when using the ARDY input. This line is 
active HIGH. If this line is connacted to Vcc. no WAIT states are inserted, 
Asynchronous ready (ARDY) of synchronous ready (SROY) must be active 
before a bus cycle is lerminated. 


COCK output indicates thal other system bus masters are not to gain control of 
the system bus while LOCK is active LOW. The LOCK signal is requested by the 
LOCK prefix instruction and is activated at the beginning of the first data cycle 
associated with the instruction following the LOCK prefix. It remains active 
until the completion of the instruction following the LOCK prefix. No pre- 
fetches will occur while LOCK is asserted. COCK is active LOW, is driven HIGH 
for one clock during RESET, and then floated. 


1APX 186 


Table 1. 60186 Pin Description (Continued) 


Name and Function 


Bus cycte status SO-52 are encoded to provide 


transaction information: 


80186 Bus Cycle Status Information 


Ea 


Bus Cycle Initiated 


Interrupt Acknowledge 
Read 0 

Write VO 

Halt 

Instruction Fetch 

Read Data from Memory 
Write Data to Memory 
Passive (no bus cycle) 


~~ 09000 
sa cOn200 [FF 
=o20-0-0 /¥ 


The status pins float during “HOLD.” 
32 may be used as a logical M/I0 indicator, and 51 as a OT/R indicator. 


The status lines are driven HIGH for one clock during Reset, and then floated 
untit a bus cycle begins. 


HOLD indicates that another bus masier is requesting the local bus. The HOLD 
input is sctive HIGH. HOLD may be asynchronous with respect to the 80186 
clock. The 80186 will issue a HLDA in response to a HOLD request at the end of 
Tg or T. Simultaneous with the issuance of HLDA, the 80186 will float the local 
bus and control lines. After HOLD is detected as being LOW, the 80186 will 
fower HLDA. When the 80186 needs to run another bus cycle, it will again drive 
the local bus and control lines. 


HOLD (input) 
HLDA (output) | 


Upper Memory Chip Select is an active LOW output whenever a memory 
teference is made to the defined upper portion (1K-256K block) of memory. 
This line is not floated during bus HOLD. The address range activating UCS is 
software programmable. 


Lower Memory Chip Select is active LOW whenever a memory reference is 
made to the defined lower portion (1K-256K) of memory. This line is not 
floated during bus HOLD. The address range activating LCS is software 
Programmable. 


Mid-Range Memory Chip Select signals are active LOW when a memory 
reference is made to the defined mid-range portion of memory (6K-512K). 
These lines are not floated during bus HOLD. The address ranges activating 
MCS6-3 are software programmable. 


MCS0-3 38,37,36,35 


Peripheral Chip Select signals 0-4 are active LOW when a reference is made to 
the defined peripheral area (64K byte 1/0 space). These lines ara not floated 
during bus HOLD. The address ranges activating PCSO-4 are software 
Programmable. 


peripheral chip select, or to provide an internally tatched At signal. The 
address range activating PCSS is software programmable. When programmed 
to provide latched Af, rather than PTSS, this pin will retain the previously 
latched vatue of Al during a bus HOLD. At is active HIGH. 


Peripheral Chip Select 6 or Latched A2 may be programmed to provide a 
seventh peripheral chip select, or to provide an internally latched A2 signal. 
The address range activating PCS6 is software programmable. When pro- 
grammed to provide latched Az, rather than PCS6, this pin wilt retain the 
previously latched value of A2 during a bus HOLD. A2 is active HIGH. 


Data Transmit/Receive controls the direction of data flow through the external 
8286/6287 data bus transceiver. When LOW, data is transferred to the 80186. 
When HIGH the 80186 Places write data on the data | bus. 


Data Enable is provided as an 8286/8287 data bus transceiver output enable. 
DER is active LOW during each memory and VO access DEN is HIGH whenever 
| changes state. 
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FUNCTIONAL DESCRIPTION 


" Introduction 


The following Functional Description describes the 
base architecture of the iAPX 186. This architecture 
is common to the iAPX 86, 88, and 286 microproces- 
sor families as well. The iAPX 186 is a very high 
integration 16-bit microprocessor. It combines 15-20 
of the most common microprocessor system compo- 
nents onto one chip while providing twice the perfor- 
mance of the standard iAPX 86. The 80186 is object 
code compatible with the iAPX 86, 88 microproces- 
sors and adds 10 new instruction types to the exist- 
ing iAPX 86, 88 instruction set. 


IAPX 186 BASE ARCHITECTURE 


The iAPX 86, 88, 186, and 286 family all contain the 
same basic set of registers, instructions, and 
addressing modes. The 80186 processor is upward 
compatible with the 6086, 8088, and 80286 CPUs. 


Register Set 


The 80186 base architecture has fourteen registers 
as shown in Figures 3a and 3b. These registers are 
grouped into the following categories. 


General Registers 

Eight 16-bit general purpose registers used to con- 
tain arithmetic and logical operands. Four of these 
(AX, BX, CX, and DX) can be used as 16-bit registers 
or split into pairs of separate 8-bit registers. 


Segment Registers 

Four 16-bit special purpose registers select, at any 
given time, the segments of memory that are immedi- 
ately addressable for code, stack, and data. (For 
usage, refer to Memory Organization.) 


Base and Index Registers 

Four of the general purpose registers may also be 
used to determine offset addresses of operands in 
memory. These registers may contain base ad- 
dresses or indexes to particular locations within a 
segment. The addressing mode selects the specific 
registers for operand and address calculations. 


Status and Control Registers 

Two 16-bit special purpose registers record or alter 
certain aspects of the 80186 processor state. These 
are the Instruction Pointer Register, which contains 
the offset address of the next sequential instruction 
to be executed, and the Status Word Register, which 
contains status and control flag bits (see Figures 3a 
and 3b). 


Status Word Description 


The Status Word records specific characteristics of 
the result of logical and arithmetic instructions (bits 
0, 2. 4,6, 7, and 11) and controts the operation of the 
80186 within a given operating mode (bits 8, 9, and 
10). The Status Word Register is t6-bits wide. The 
function of the Status Word bits is shown in Table 2. 
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Figure 3a. 80186 General Purpose Register Set 


16 OT SPECIAL 
REGISTER REGISTER 
NAME FUNCTIONS, 


ovTE 
ADDRESSABLE 
{8 BIT 
REGISTER 
NAMES 
SHOWN) 


MULTIPLY OHVIDE 
VO INSTRUCTIONS. 


BASE MEGISTERS, 


INDEX REGISTERS 


STACK POINTER 


GENERAL 
REGISTERS 


LOOP/SHIFT-REPEAT‘COUNT ss 


* s 
cs CODE SEGMENT SELECTOR 
ps DATA SEGMENT SELECTOR 
STACK SEGMENT SELECTOR 
es EXTRA SEGMENT SELECTOR 
SEGMENT REGISTERS. 
% 9 
F atTaTUa WORD 
. INSTRUCTION POINTER 
STATUS AND CONTROL 
REGISTERS 
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Figure 3b. Status Word Format 


STATUS FLAGS 
CARRY 


PARITY 


AUXILIARY CARRY 
ZERO 


SIGN 


OVERFLOW 


4 13 i 1 


ANNAN V2 


STATUS WORD: 


Po Te pe LD NL I 


ica Wie 


CONTROL FLAGS 
TRAP FLAG 
INTERRUPT ENABLE 
DIRECTION FLAG 


RESERVED 


Table 2. Status Word Bit Functions 


P ae ion hare Function 


Carry Flag—Set on high-order bit 
carry or borrow; cleared otherwise 


Parity Fiag-—-Set if tow-order B bits 
of resull contain an even number of 
1-bits; cleared otherwise 


Set on carry from or borrow to the 
low order four bits of AL; cleared 
atherwise 


Zero Flag-Set if result is zero: 
Cleared otherwise 


Sign Flag-—Set equat to high-order 
bil of result (Oif positive, 1 if negative) 
Single Step Flag—Once set. a sin- 
gle step interrupt occurs after the 
next instruction executes. TF is 
cleared by the single step interrupt 


interrupt-enable Flag— When set. 
maskable interrupts will cause the 
CPU to Iransfer control to an inter- 
tupt vector specified location. 


Direction Flag—Causes string 
instructions to auto decrement 
the appropriate index register 
when set. Clearing DF causes 
auto increment. 


Overflow Fiag—Sel if the signed 
result cannot be expressed 
within the number of bits in the 
destination operand, cleared 
otherwise 


instruction Set 


The instruction set is divided into seven categories: 
data transfer, arithmetic, shift/rotate/ogical, string 


manipulation, control transter, high-level instruc- 
tions, and processor control. These categories are 
summarized in Figure 4. 


An 60186 instruction can reference anywhere from 
zero fo several operands. An operand can reside ina 
register, in the instruction itself, or in memory. Spe- 
cific operand addressing modes are discussed later 
in this data sheet. 


Memory Organization 


Memory is organized in sets of segments. Each seg- 
ment is a linear contiguous sequence of up to 64K 
(2"®) 8-bit bytes. Memory is addressed using a two- 
component address (a pointer) that consists of a 
16-bit base segment and a 16-bit offset. The 16-bit 
base values are contained in one of four internal 
segment registers (code, data, stack, extra). The 
physical address is calculated by shifting the base 
value LEFT by four bits and adding the 16-bit offset 
value to yield a 20-bit physical address (see Figure 5). 
This allows for a 1 MByte physical address size. 


All instructions that address operands in memory 
must specify the base segment and the 16-bit offset 
value. For speed and compact instruction encoding, 
the segment register used for physical address gen- 
eration is implied by the addressing mode used (see 
Table 3). These rules follow the way programs are 
written (see Figure 6) as independent modules that 
require areas for code and data, a stack, and access 
to external data areas. 


Special segment override instruction prefixes allow 
the implicit segment register selection rules to be 
overridden for special cases. The stack, data, and 
extra segments may coincide for simple programs. 
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Figure 4. IAPX 186 Instruction Set 


GENERAL PURPOSE 
Move byte or word 

Push word onto stack 

Pop word off stack 

Push alt registers on stack 
Pop all registers trom stack 


Move byte or word string 
input bytes or word stnng 


Output bytes or word string 


Load byte or word string 


Exchange byte or word 


Translate byte 
INPUT/IOUTPUT 
Input byte or word 


Output byte or word 
LEA Load effective address 
LDS 
es 
SAHF Store AH register in flags 


Push flags onto stack 


| POPF | Poptiagsotf stack 


ADDITION 


ADD 
AOC Add byte or word with carry 
INC Increment byte or word by t 
AAA ASCII adjust for addition 
DAA Decimal adjust for addition 
SUBTRACTION 
Subtract byte or ward 


Store byte or word string 


LOGICALS 


“Not” byte or word 


| on | “Inclusive or” byte or word 
| XOR | “Exclusive or” byte or word 
TEST “Test” byte or word 


SHIFTS 


SHUSAL Shift logical/arithmetic left byte or word 


Shift togical right byte or word 


Rotate through carry lefl byte or word 


Rotate through carry right byte or word 


Set carry flag 


Clear carry flag 


Subtract byte or word with borrow 

Decrement byte or word by 1 

Negate byte or word 

Compare byte or word 

ASCIl adjust for subtraction 

Decimal adjust for subtraction 
MULTIPLICATION 

Multiply byte or word unsigned 

Integer multiply byte or word 

ASCH adjust for multiply 

DIVISION 


Set direction ftag 


CLD 


HLT 


Divide byte or word unsigned 
Integer divide byte or word 


ASCH adjust for division 
Convert byte lo word 
Converl word to doubleword © 


Alt mnemonics copyright Intel Corp 


Complement carry flag 


Clear direction flag 


Set interrupt enable flag 
Clear interrupt enable flag 
EXTERNAL SYNCHRONIZATION 


Halt until interrupt or reset 


No operation 
HIGH LEVEL INSTRUCTIONS 
Format stack for procedure entry 
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Figure 4. |APX 186 instruction Set (continued) 


CONDITIONAL TRANSFERS UNCONDITIONAL TRANSFERS 

Jump if above/not below nor equal CALL Call procedure 
Jump if above or equal/not below RET } Return trom procedure 
Jump if betow/not above nor equal 
dump if below or equal/not above 
Jump if carry ITERATION CONTROLS 
[ vewz | Jump if equal/zero 
Jump if greater/nat fess nor equal LOOP Loop 
Jump if greater or equal/not less LOOPE/LOOPZ Loop if equal/zero 

JUJNGE Jump il lessinol greater nor equal LOOPNE‘LOOPNZ 
Jump if less or equal/not greater JCXZ Jump if register CX = 0 

Jump if not carry 


JPSPE Jump if parity/parity even 


Jump if sign 


All mnemonics copyright Intel Corp. 


To access operands that do not reside in one of the 
four immediately available segments, a full 32-bit 
pointer can be used to reload both the base (seg- 
ment) and offset vaiues. 


Figure 6. Segmented Memory Helps 
Structure Software 
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Figure 5. Two Component Address 
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Table 3. Segment Register Selection Rules 


Memory Segment ‘ 
Reference | Register Impficit Segment 
Used Selection Rule 


Needed 


Instructions 


Code {CS)j Instruction prefetch and 


immediate data. 

Ali stack pushes and 
pops; any memory refer- 
ences which use BP Reg- 
ister as a base register. 
All string instruction 
references which use 
the Di register as an 
index. 


All other data references. 


Stack Stack (SS) 


PROCESS 
cata 
BLOCK 2 


External 
Data 
(Global) 


Local Data 
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Addressing Modes 


The 60186 provides eight categories of addressing 
modes to specify operands. Two addressing modes 
are provided for instructions that operate on register 
or immediate operands: 


¢ Register Operand Mode: The operand is tocated in 
one of the 8- or 16-bit general registers. 


© Immediate Operand Mode: The operand is in- 
cluded in the instruction. 


Six modes are provided to specify the location of an 
operand in a memory segment. A memory operand 
address consists of two 16-bit components: a seg- 
ment base and an offset. The segment base is sup- 
plied by a 16-bit segment register either implicity 
chosen by the addressing mode or explicitly chosen 
by a segment override prefix. The offset, also called 
the effective address, is calculated by summing any 
combination of the following three address 
elements: 


© the displacement (an B- or 16-bit immediate value 
contained in the instruction); 


* the base (contents of either the BX or BP base 
registers); and 

* the index (contents of either the SI or DI index 
registers). 


Any carry out from the 16-bit addition is ignored. 
Eight-bit displacements are sign extended to 16-bit 
values. 


Combinations of these three address elements 
define the six memory addressing modes, described 
below. 


© Direct Mode: The operand’s offset is contained in 
the instruction as an 6- or 16-bit displacement 
element. 


© Register Indirect Mode: The operand's offset is in 
one of the registers SI, Dl, BX, or BP 


* Based Mode: The operand’s offset is the sum of an 
8- or 16-bit displacement and the contents of a 
base register (BX or BP). 


* Indexed Mode: The operand's offset is the sum of 
an 6- or 16-bit displacement and the contents of an 
index register (St or Dl). 

© Based Indexed Mode: The operand's offset is the 
sum of the contents of a base register and an index 
register. 

« Based Indexed Mode with Displacement; The 
operand’s offset is the sum of a base register's 
contents, an index register’s contents, and an 8- or 
16-bit displacement. 


Data Types 
The 80186 directly supports the following data types: 


® Integer: A signed binary numeric vatue contained 
in an 8-bit byte or a 16-bit word. All operations 
assume a 2's complement representation. Signed 
32 and 64 bit integers are supported using the 8087 
Numeric Data Processor. 


® Ordinal: An unsigned binary numeric value con- 
tained in an 8-bit byte or a 16-bit word. 


* Pointer: A 16- or 32-bit quantity, composed of a 
16-bit offset component or a 16-bit segment base 
component in addition to a 16-bit offset 
component. 


* String: A contiguous sequence of bytes or words. 
A string may contain from 1K to 64K bytes. 


© ASCII: A byte representation of alphanumeric and 
control characters using the ASCil standard of 
character representation. 


¢ BCD: A byte (unpacked) representation of the de- 
cimal digits 0-9. 


© Packed BCD: A byte (packed) representation of 
two decimal digits (0-9). One digit is stored in each 
nibble (4-bits) of the byte. 


© Floating Point: A signed 32-, 64-, or 80-bit real 
number representation. (Floating point operands 
are supported using the iAPX 186/8087 Numeric 
Data Processor configuration.) 


In general, individual data elements must fit within 
defined segment limits. Figure 7 graphically 
represents the data types supported by the i|APX 186. 


VO Space 


The #/O space consists of 64K 8-bit or 32K 16-bit 
ports. Separate instructions address the I/O space 
with either an 8-bit port address, specified in the 
instruction, or a 16-bit port address in the DX regis- 
ter, 8-bit port addresses are zero extended such that 
Ais5-Ag are LOW. 1/0 port addresses 0OF8(H) through 
OOFF(H) are reserved. 


Interrupts 


An interrupt transfers execution to a new program 
location. The old program address (CS:iP) and ma- 
chine state (Status Word) are saved on the stack to 
allow resumption of the interrupted program. Inter- 
cupts fall into three classes: hardware initiated, INT 
instructions, and instruction exceptions. Hardware 
initiated interrupts occur in response to an external 
input and are classified as non-maskable or 
maskable. 


Figure 7. |\APX 186 Supported Data Types 
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“SUPPORTED BY iAPX 186 WITH A NUMERIC DATA PROCESSOR 


Programs may cause an interrupt with an INT in- 
struction. Instruction exceptions occur when an un- 
usuat condition, which prevents further instruction 
processing, is detected while attempting to execute 
an instruction. if the exception was caused by ex- 
ecuting an ESC instruction with the ESC trap bit set 
in the relocation register, the return instruction will 
point to the ESC instruction, or to the segment over- 
ride pretix immediately preceding the ESC instruc- 
tion if the prefix was present. In all other cases, the 
return address from an exception will point at the 
instruction immediately following the instruction 
causing the exception. 


A table containing up to 256 pointers defines the 
proper interrupt service routine for each interrupt. 
Interrupts 0-31, some of which are used for instruc- 
tion exceptions, are reserved. Table 4 shows the 
80186 predefined types and default priority levels. 
For each interrupt, an 8-bit vector must be supplied 
to the 80186 which identifies the appropriate table 
entry. Exceptions supply the interrupt vector inter- 
nally. In addition, internal peripherals and non- 
cascaded external interrupts will generate their own 
vectors through the internal interrupt controller. INT 
instructions contain or imply the vector and allow 
access to all 256 interrupts. Maskable hardware in- 
itiated interrupts supply the 86-bit vector to the CPU 
during an interrupt acknowledge bus sequence. 
Non-maskable hardware interrupts use a predefined 
internally supplied vector. 


Interrupt Sources 


The 80186 can service interrupts generated by soft- 
ware or hardware. The software interrupts are 
generated by specific instructions (INT, ESC, unused 
OP, etc.) or the results of conditions specified by 
instructions {array bounds check, INTO, DIV, IDIV, 
etc.). All interrupt sources are serviced by an indirect 


, call through an element of a vector table. This vector 


table is indexed by using the interrupt vector type 
{Table 4), multiplied by four. All hardware-generated 
interrupts are sampled at the end of each instruction. 
Thus, the software interrupts will begin service first. 
Once the service routine is entered and interrupts 
are enabled, any hardware source of sufficient 
priority can interrupt the service routine in progress. 


The software generated 80186 interrupts are 
described below. 


DIVIDE ERROR EXCEPTION (TYPE 0) 

Generated when a DIV or IDIV instruction quotient 
cannot be expressed in the number of bits in the 
destination. 


(APX 186 
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Table 4. 80186 interrupt Vectors 


“Alelated 


Vector |Default 

Interrupt Name | Type |Priority! instructions 

Divide Error {1} “ft DW, lolv 
Exception 

Single Step 1 12°°2 All 
(Interrupt 

NMI 2 A All 

Breakpoint 3 a iNT 
Interrupt 

INTO Detected 4 1 INTO 
Overflow 

+ Exception 

Array Bounds 5 “| BOUND 
Exception 

Unused-Opcode 6 | Undefined 
Exception Opcodes 

ESC Opcode 7 ager ESC Opcodes 
Exception 

Timer 0 Interrupt 8 2a7°"* 

Timer 1 Interrupt 16 2B°°"" 

Timer 2 Interrupt 7 2cr""" 

Reserved 9 3 

DMA 0 Interrupt 10 4 

DMA 1 Interrupt 1 5 

INTO Interrupt 12 6 

(NT1 Interrupt 13 7 

INT2 Interrupt 14 8 

INT3 Interrupt 15° 9 

NOTES: . 
*1 These are generated as the resuit of an instruction 

execution 


“2 This is handled as tn the 8086 : 

“*e9 All three mers constitute one source of request to the 
interrupt controller The Timer interrupts ail have the same 
default priority level with respect to ail other interrupt 
sources However, they wave a defined priorty ordering 
amongst themselves (Priority 2A is higher priority than 
28) Each Timer interrup! has a separate vector type 
number 

4 Default priorities for the interrupt sources are used only if 
the user does not program each-source inlo a unique 
priority level 

“""§. An escape opcode will cause a trap only if the proper bit is 
set in the peripheral contro! block relocation register 


SINGLE-STEP INTERRUPT (TYPE 1) 

Generated after most instructions if the TF flag is set. 
Interrupts will not be generated after prefix instruc- 
tions (e.g., REP), instructions which modily segment 
registers (e.9.. POP DS), or the WAIT instruction. 


NON-MASKABLE INTERRUPT—NMI (TYPE 2) 
An externa! interrupt source which cannot be 
masked. 


BREAKPOINT INTERRUPT (TYPE 3) 

A one-byte version of the INT instruction. It uses 12 
as an index into the service routine address table 
(because it is a type 3 interrupt). 


12 


INTO DETECTED OVERFLOW EXCEPTION 

(TYPE 4) 

Generated during an INTO instruction if the OF bit is 
set. 


ARRAY BOUNDS EXCEPTION (TYPE 5) 

Generated during a BOUND instruction if the array 
index is outside the array bounds. The array bounds 
are located in memory at a location indicated by one 
of the instruction operands. The other operand indi- 
cates the value of the index to be checked. 


UNUSED OPCODE EXCEPTION (TYPE 6) 
Generated if execution is attempted on undefined 
opcodes. 


ESCAPE OPCODE EXCEPTION (TYPE 7) 

Generated if execution is attempted of ESC opcodes 
(O08H-DFH). This exception will only be generated ifa 
bit in the relocation register is set. The return ad- 
dress of this exception will point to the ESC instruc- 
tion causing the exception. If a segment override 
prefix preceded the ESC instruction, the return ad- 
dress will point to the segment override prefix. 


Hardware-generated interrupts are divided into two 
groups: maskable interrupts and non-maskable in- 
terrupts. The 80186 provides maskable hardware in- 
terrupt request pins INTO-INT3. tn addition, 
maskable interrupts may be generated by the 80186 
integrated OMA controller and the integrated timer 
unit. The vector types for these interrupts is shown in 
Table 4. Software enables these inputs by setting the 
interrupt flag bit (IF) in the Status Word. The interrupt 
controller is discussed in the peripheral section of 
this data sheet. 


Further maskabie interrupts are disabled while 
servicing an interrupt because the IF bit is reset as 
part of the response to an interrupt or exception. The 
saved Status Word will reflect the enable status of the 
Processor prior to the interrupt. The interrupt flag 
will remain zero unless specifically set. The interrupt 
return instruction restores the Status Word, thereby 
restoring the original status of IF bit. If the interrupt 
return re-enables interrupts, and another interrupt is 
pending, the 80186 will immediately service the 
highest-priority interrupt pending, i.e.. no instruc- 
tions of the main line program will be executed. 


Non-Maskable Interrupt Request (NMI) 


A non-maskabie interrupt (NMI) is also provided. 
This interrupt is serviced regardiess of the state of 
the IF bit. A typical use of NMI would be to activate a 
power failure routine. The activation of this input 
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causes an interrupt with an internally supplied vector 
value of 2. No external interrupt acknowledge se- 
quence is performed. The IF bit is cleared at the 
beginning of an NMI interrupt to prevent maskable 
interrupts from being serviced. 


Single-Step Interrupt 


The 80186 has an internal interrupt that allows pro- 
grams to execute one instruction at a time. It is called 
the single-step interrupt and is controlled by the 
single-step flag bit (TF) in the Status Word. Once this 
bit is set, an internal single-step interrupt will occur 
after the next instruction has been executed. The 
interrupt clears the TF bit and uses an internally 
supplied vector of 1. The IRET instruction is used to 
set the TF bit and transfer control to the next instruc- 
tion to be single-stepped. 


Initialization and Processor Reset 


Processor initialization or startup is accomplished 
by driving the RES input pin LOW RES forces the 
80186 to terminate all execution and local bus ac- 
tivity. No instruction or bus activity will occur as long 
as RES is active. Alter RES becomes inactive and an 
internal processing interval elapses, the 80186 
begins execution with the instruction at physical lo- 
cation FFFFO(H). RES also sets some registers to 
predefined values as shown in Table 5. 


Table 5. 80186 Initlal Register State after RESET 


Status Word 
Instruction Pointer 
Code Segment 
Data Segment 


F002(H) 
0000(H) 
FFFF(H) 
0000(H) 
0000(H) 
0000(H) 
20FF(H) 
FFFB(H) 


Extra Segment 
Stack Segment 
Relocation Register 
UMCS 


IAPX 186 CLOCK GENERATOR 


The iAPX 186 provides an on-chip clock generator 


for both internal and external clock generation. The 
clock generator features a crystal oscillator, a divide- 
by-two counter. synchronous and asynchronous 
ready inputs, and reset circuitry. 


Oscillator 


The oscillator circuit of the iAPX 186 is designed to 
be used with a parailel resonant fundamental mode 
crystal. This is used as the time base for the iAPX 186. 
The crystal frequency selected will be double the 
CPU clock frequency. Use of an LC or RC circuit is not 


recommended with this oscillator. If an external oscil- 
lator is used, it can be connected directly to input pin 
X1 in lieu of a crystal. The output of the oscillator is 
not directly available outside the iAPX 186. The 
recommended crystal configuration is shown in 
Figure 8. 


Figure 8. Recommended iAPX 186 Crystal 
Configuration 


16 for B MHz (80186-3) 


M = 12 for 6 MHz (80186-6) 
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Clock Generator 


The iAPX 186 clock generator provides the 50% duty 
cycle processor clock for the iAPX 186. It does this by 
dividing the oscillator oulput by 2 forming the sym- 
metrical clock. if an external oscillator is used, the 
state of the clock generator will change on the falling 
edge of the oscillator signal. The CLKOUT pin pro- 
vides the processor clock signal for use outside the 
iAPX 186. This may be used to drive other system 
components. All timings are referenced to the output 
clock. 


READY Synchronization 


The iAPX 186 provides both synchronous and asyn- 
chronous ready inputs. Asynchronous ready synchroni- 
zation is accomplished by circuitry which samples 
ARDY in the middle of To, the end of To, and again in the 
middle of each Tw until ARDY is sampled HIGH. One- 
half CLKOUT cycle of resolution time is used. Full syn- 
chronization is performed only on the rising edge of 
ARDY, i.e., the falling edge of ARDY must be syn- 
chronized to the CLKOUT signal if it will occur during Tz 
or Tw. HiGH-to-LOW transitions of ARDY must be 
performed synchronously to the CPU clock. 


A second ready input (SRDY) is provided to interface 
with externally synchronized ready signals. This in- 
put is sampled at the end of Tz and again at the end of 
each Ty until it is sampled HIGH. By using this input 
rather than the asynchronous ready input, the half- 
clock cycle resolution time penalty is eliminated. 


IAPX 186. 


This input must satisfy set-up and hold times to 
guarantee proper operation of the circuit. 


In addition, the iAPX 186, as part of the integrated 
chip-select logic, has the capability to program WAIT 
states for memory and peripheral blocks. This is dis- 
cussed in the Chip Select/Ready Logic description. 


RESET Logic 


The iAPX 186 provides both a RES input pin and a 
synchronized RESET pin for use with other system 
components. The RES input pin on the iAPX 186 is 
provided with hysteresis in order to facilitate power- 
on Reset generation via an RC network. RESET is 
guaranteed to remain active for at least five clocks 
given a RES input of at Jeast six clocks. RESET may 
be delayed up to two and one-half clocks behind 
RES. 


Multiple iAPX 186 processors may be synchronized 
through the RES input pin, since this input resets 
both the processor and divide-by-two internat count- 
er in the clock generator. in order to insure that the 
divide-by-two counters all begin counting at the 
same time, the active going edge of RES must satisty 
a 25 ns setup time before the falling edge of the 
80186 clock input. In addition, in order to insure that 
alt CPUs begin executing in the same clock cycle, the 
reset must Satisfy a 25 ns setup time before the rising 
edge of the CLKOUT signal of all the processors. 


LOCAL BUS CONTROLLER 


The iAPX 186 provides a local bus controller to 
generate the local bus control signals. In addition, it 
employs a HOLD/HLDA protocol for relinquishing 
the tocat bus to other bus masters. It also provides 
control lines that can be used to enable external 
buffers and to direct the (low of data on and off the 
focal bus. 


Memory/Peripheral Control 


The iAPX 186 provides ALE, RD, and WR bus controt 
signals. The AD and WA signals are used to strobe 
data from memory to the iAPX 186 or to strobe data 
from the iAPX 186 to memory. The ALE line provides 
a strobe to address latches for the multiplexed ad- 
dress/data bus. The iAPX 186 jocal bus controller 
does not provide a memory/i/O signal. If this is re- 
quired, the user will have to use the 52 signal (which 
will require external latching), make the memory and 
VO spaces nonoverlapping, or use only the in- 
tegrated chip-select circuitry. 


Transcelver Contro! 


The iAPX 186 generates two contro! signals to be 
connected to 8286/8287 transceiver chips. This capa- 
bility allows the addition of transceivers for extra 
buffering without adding external logic. These con- 
trot lines, DT/R and DEN, are generated to control the 
flow of data through the transceivers. The operation 
of these signals is shown in Table 6. 


Table 6. Transcelver Control Signals Description 


Pin Name Function 


BEN (Data Enable) { Enables the output drivers of 
the transceivers. It is active 
LOW during memory. WO, or 
INTA cycles. 

DT/A (Data Transmit/| Determines the direction of 

Receive) travel through the transceivers. 
AHIGH level directs data away 
from the processor during write 
operations, while a LOW level 
directs data toward the proces- 
sor during a read operation. 


Local Bus Arbitration 


The iAPX 186 uses a HOLD/HLDA system of focal bus 
exchange. This provides an asynchronous bus ex- 
Change mechanism. This means multiple masters 
utilizing the same bus can operate at separate clock 
frequencies. The iAPX 186 provides a single 
HOLD/HLDA pair through which all other bus mas- 
ters may gain control of the local bus. This requires 
external circuitry to arbitrate which external device 
will gain control of the bus from the IAPX 186 when 
there is more than one alternate local bus master. 
When the iAPX 186 relinquishes control of the local 
bus, it floats DEN, AD, WR, 50-52, LOCK, ADo- 
AD15, A16-A19, BHE, and DT/R to allow another 
master to drive these lines directly. 


The iAPX 186 HOLD latency time, i.e., the time be- 
tween HOLD request and HOLD acknowledge, is a 
function of the activity occurring in the processor 
when the HOLD request is received. AHOLD request 
is the highest-priority activity request which the pro- 
cessor may receive: higher than instruction fetching 
or internat DMA cycles. However, if a DMA cycle is in 
progress, the iAPX 186 will complete the transfer 
before relinquishing the bus. This impties that if a 
HOLD request is received just as a DMA transfer 
begins, the HOLD talency time can be as great as 4 
bus cycles. This will occur if a DMA word transfer 
Operation is taking place from an odd address to an 
odd address. This is a total of 16 clocks or more, if 
WATT states are required. In addition, if jocked trans- 
fers are performed, the HOLD tatency time will be 
increased by the length of the locked transfer. 
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Local Bus Controller and Reset 


Upon receipt of a RESET pulse from the AES input, 
the local bus controller will perform the following 
actions: 


© Drive DEN, RD, and WR HIGH for one clock cycle, 
then float. 


NOTE: RD is also provided with an internal pull-up 
device to prevent the processor from inadvertently 
entering Queue Status mode during reset. 


© Drive SO-S2 to the passive state (all HIGH) and 
then float. 

© Drive LOCK HIGH and then float. 

© Tristate ADG-15, A16-19, BHE, DT/A. 

© Drive ALE LOW {ALE is never floated). 

© Drive HLDA LOW. 


INTERNAL PERIPHERAL INTERFACE 


All the iAPX 186 integrated peripherals are con- 
trolled via 16-bit registers contained within an inter- 
nal 256-byte control block. This control block may be 
mapped into either memory or I/O space. internal 
logic will recognize the address and respond to the 
bus cycle. During bus cycles to internal registers, the 
bus controller will signal the operation externally 
{i.e., the AD, WA, status, address, data, etc., tines will 
be driven as in a normal bus cycle), but Dy,_9, SRDY. 
and ARDY will be ignored. The base address of the 
control block must be on an even 256-byte boundary 
(i.e., the lower 8 bits of the base address are all 
Zeros). All of the defined registers within this control 
block may be read or written by the 80186 CPU at any 
time. The location of any register contained within 
the 256-byte control block is determined by the cur- 
rent base address of the control block. 


The control block base address is programmed via a 
16-bit relocation register contained within the con- 
trot block at offset FEH from the base address of the 
control block (see Figure 9). It provides the upper 12 
bits of the base address of the control block. Note 
that mapping the control register block into an ad- 
dress range corresponding to a chip-select range is 
not recommended (the chip select circuitry is dis- 
cussed later in this data sheet). In addition, bit 12 of 
this register determines whether the contro! block 
will be mapped into l/O or memory space. If this bit is 
1, the control block will be located in memory space, 
whereas if the bit is 0, the controi block will be lo- 
cated in W/O space. If the control register block is 
mapped into I/O space, the upper 4 bits of the base 
address must be programmed as 0 (since I/O ad- 
dresses are only 16 bits wide). 


o@ eee a 


In addition to providing relocation information for 
the control block, the relocation register contains 
bits which place the interrupt controller into iRMX 
mode, and cause the CPU to interrupt upon en- 
countering ESC instructions. At RESET, the reloca- 
tion register is set to 20FFH. This causes the control 
block to start at FFOOH in /O space. An offset map 
of the 256-byte contro! register block is shown in 
Figure 10. 


The integrated iAPX 186 peripherals operate semi- 
autonomously from the CPU. Access to them for the 
most partis via software read/write of the control and 
data locations in the controt block. Most of these 
registers can be both read and written. A few 
dedicated lines, such as interrupts and DMA request 
provide real-time communication between the CPU 
and peripherals as in a more conventional system 
utilizing discrete peripheral blocks. The overall inter- 
action and function of the peripheral blocks has not 
substantially changed. 


CHIP-SELECT/READY GENERATION 
LOGIC 


The iAPX 186 contains logic which provides pro- 
grammable chip-select generation for both 
memories and peripherals. In addition, it can be pro- 
grammed to provide READY (or WAIT state) genera- 
tion. It can also provide latched address bits A1 and 
A2. The chip-select lines are active for all memory 
and W/O cycles in their programmed areas, whether 
they be generated by the CPU or by the integrated 
OMA unit. 


Memory Chip Selects 


The iAPX 186 provides 6 memory chip select outputs 
for 3 address areas: upper memory, lower memory, 
and midrange memory. One each is provided for up- 
per memory and lower memory, while four are pro- 
vided for midrange memory. 


The range for each chip select is user-programmable 
and can be set to 2K, 4K, 8K, 16K, 32K, 64K, 128K 
(plus 1K and 256K for upper and lower chip selects). 
tn addition, the beginning or base address of the 
midrange memory chip select may also be selected. 
Only one chip select may be programmed to be ac- 
tive for any memory tocation at a time. All chip select 
sizes are in bytes, whereas iAPX 186 memory is ar 
ranged in words. This means that if, for example, 16 
64K x 1 memories are used, the memory block size 
will be 128K, not 64K. 
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Figure 9. Relocation Register 
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Figure 10. Internal Register Map Table 7. UMCS Programming Values 
OFFSET a 
Starting 
FEH Address Memory UMCS Value 
(Base Block (Assuming 
Address) Size RO=R1=RA2=0) 
can FFCOO 1K FFFBH 
FF800 2K FFBBH 
OMA Dei Channel 4 
iit Dow FFOOO 4K FF38H 
FEOOO 8K FE38H 
F000 16K FC38H 
F8000 32K Fe38H 
OMA Descriptors Channel 6 FOoo0 64K F038H 
cm £0000 128K E038H 
cooo0 256K C038H 
aaH 
Chip-Select Controt Registers 
AOH The lower limit of this memory block is defined in the 
UMCS register (see Figure 11). This register is at 
offset AOH in the internal contro! block. The legal 
eau values for bits 6-13 and the resulting starting ad- 
‘Timer 2 Control Registers dress and memory block sizes are given in Table 7. 
oH Any combination of bits 6-13 not shown in Table 7 
| tmersconetneites | = will result in undefined operation. After reset, the 
son UMCS register is programmed for a 1K area. It must 
Seu F ; 
Vusgs 0 Corte 7, be teprogrammed if a larger upper memory area is 
movies 50H desired. 
ee Any internally generated 20-bit address whose upper 
eh 16 bits are greater than or equal to UMCS (with bits 
0-5 “0") will cause UCS to be activated. UMCS bits 
204 Ai2-RO0 are used to specify READY mode for the area 
0356 18-10 


Upper Memory CS 


The iAPX 186 provides a chip select, called UCS, for 
the top of memory. The top of memory is usually used 
as the system memory because after reset the iAPX 
186 begins executing at memory focation FFFFOH. 


The upper limit of memory defined by this chip select 
is always FFFFFH, while the lower limit is program- 
mable. By programming the lower limit, the size of 
the select block is also defined. Table 7 shows the 
relationship between the base address selected and 
the size of the memory block obtained. 


of memory defined by this chip-seiect register, as 
explained below. 


Lower Memory CS 


The iAPX 186 provides a chip select for low memory 
called LCS. The bottom of memory contains the inter- 


rupt vector table, starting at location OOOO0H. 


The lower limit of memory defined by this chip select 
is always OH, while the upper timit is programmable. 
By programming the upper limit, the size of the 
memory block is also defined. Table 8 shows the 
relationship between the upper address selected and 
the size of the memory block obtained. 
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Table 8. LMCS Programming Values 


LMCS Value 


Upper (Assuming 
Ro=A1=A2=0) 


Address 


003FFH 
OO7FFH 
OOFFFH 
O1FFFH 
OSFFFH 
O7FFFH 
OFFFFH 
1FFFFH 
3FFFFH 


The upper limit of this memory block is defined in the 
LMCS register (see Figure 12). This register is at 
offset A2H in the internal control block. The legal 
values for bits 6-15 and the resulting upper address 
and memory block sizes are given in Table 8. Any 
combination of bits 6-15 not shown in Table & will 
result in undefined operation. After reset, the LMCS 
register value is undefined. However, the LCS chip- 
select fine will not become active until the LMCS 
register is accessed. 


Any internally generated 20-bit address whose upper 
16 bits are fess than or equal to LMCS (with bits 0-5 
“1") will cause LCS to be active. LMCS register bits 
A2-RO are used to specify the READY mode for the 
area of memory defined by this chip-select register. 


Mid-Range Memory CS 

The iAPX 186 provides four MCS lines which are 
active within a user-locatable memory block. This 
block can be located anywhere within the IAPX 186 
1M byte memory address space exclusive of the 
areas detined by UCS and LCS. Both the base ad- 
dress and size of this memory block are 
programmable. 


The size of the memory block defined by the mid- 
range select lines, as shown in Table 9, is determined 
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by bits 8-14 of the MPCS register (see Figure 13). 
This register is at location ABH in the internal control 
block. One and only one of bits 8-14 must be set at a 
time. Unpredictable operation of the MCS lines will 
otherwise occur. Each of the four chip-select lines is 
active for one of the four equal contiguous divisions 
of the mid-range block. Thus, if the totat block size is 
32K, each chip select is active for 8K of memory with 
{CSO being active for the first range and MCS3 
being active for the last range. 


The EX and MS in MPCS relate to peripheral 
functionality as described in a later section 


Table 9. MMCS Programming Values 


Individual 


Total Block MNCS Bits 

Size Select Size 14-8 

aK 2K 00000018 
16K 4K 00000108 
32K 6K 00001008 
64K 16K 00010008 
128K 32K 00100008 
256K 64K 0100000B 
512K 128K 10000008 


The base address of the mid-range memory block is 
defined by bits 15-9 of the MMCS register (see Fig- 
ure 14). This register is at offset AGH in the internal 
control block. These bits correspond to bits A19-A13 
of the 20-bit mamory address. Bits A12-A0 of the 
base address are always 0. The base address may be 
set at any integer multiple of the size of the total 
memory block selected. For example, if the mid- 
range block size is 32K (or the size of the block for 
which each MCS line is active Is 8K), the block could 
be located at 10000H or 18000H, but not at 14000H, 
since the first few integer multiples of a32K memory 
block are OH, 8000H, 10000H, 1B000H, etc. After 
reset, the contents of both of these registers is un- 
defined. However, none of the MCS lines will be ac- 
tive until both the MMCS and MPCS registers are 
accessed. 


Figure 11. UMCS Register 
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Figure 12. LMCS Register 
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Figure 13. MPCS Register 
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Figure 14. MMCS Register 
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MMCS bits R2-RO specify READY mode of operation 
for all mid-range chip selects. All devices in mid- 
range memory must use the same number of WAIT 
states. 


The 512K block size for the mid-range memory chip 
selects is a special case. When using 512K, the base 
address would have to be at either locations 0O000H 
or 80000H. It. it were to be programmed at 00000H 
when the CCS line was programmed, there would be 
an internal conflict between the CCS ready genera- 
tion logic and the MCS ready generation logic. 
Likewise, if the base address were programmed at 
80000H, there would be a conflict with the UCS ready 
generation lagic. Since the LCS chip-select tine does 
not become active until programmed, while the UCS 
line is active at reset, the memory base can be set 
only at OOOOOH. If this base address is selected, 
however, the LCS range must not be programmed. 


Peripheral Chip Selects 


The iAPX 186 can generate chip selects for up to 
seven peripheral devices. These chip selects are ac- 
tive for seven contiguous blocks of 128 bytes above a 
programmable base address. This base address may 
be located in either memory or I/O space. 


Seven C5 lines called PC50-6 are generated by the 
iAPX 186. The base address is user-programmable; 


however it can only be a multiple of 1K bytes, i.e., the 
least significant 10 bits of the starting address are 
always 0. 


PCS5 and PCS6 can also be programmed to provide 
latched address bits A1, A2. if so programmed, they 
cannot be used as peripheral selects. These outputs 
can be connected directly to the AO, Ai pins used for 
selecting internal registers of 8-bit peripheral chips. 
This scheme simplifies the hardware interface be- 
cause the 8-bit registers of peripherals are simply 
treated as 16-bit registers located on even bound- 
aries in VO space or memory space where only the 
lower 8-bits of the register are significant: the upper 
8-bits are “don't cares.” 


The starting address of the peripheral chip-select 
block is defined by the PACS register (see Figure 15). 
This register is located at offset A4H in the internat 
control block. Bits 15~6 of this register correspond to 
bits 19-10 of the 20-bit Programmable Base Address 
(PBA) of the peripheral chip-seiect block. Bits 9-0 of 
the PBA of the peripheral chip-setect block are all 
zeros. If the chip-select block is located in /O space, 
bits 12-15 must be programmed zero, since the I/O 
address is only 16 bits wide. Table 10 shows the 
address range of each peripheral chip select with 
respect to the PBA contained in PACS register. 


Figure 15. PACS Register 
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The user should program bits 15-6 to correspond to 
the desired peripheral base location. PACS bits 0-2 
are used to specify READY mode for PCSO-PCS3. 


Table 10. PCS Address Ranges 


PCS Line Active between Locations 
PCSO PBA —PBA+127 
PCS1 PBA+128 —-PBA+255 
Pcs2 PBA+256 — PBA+3863 
PCS3 PBA+364 —PBA+511 
PCS4 PBA+512 —PBA+639 
PCSS PBA+640 —PBA+767 
PCS6 


PBA+768 —PBA+895 


The mode of operation of the peripheral chip selects 
is defined by the MPCS register (which is also used to 
set the size of the mid-range memory chip-select 
block, see Figure 16). This register is located at offset 
A8H in the internal control block. Bit 7 is used to 
select the function of PCS5 and PCS6, white bit 6 is 
used to select whether the peripheral chip selects 
are mapped into memory or V/O space. Table 11 de- 
scribes the programming of these bits. After reset, 
the contents of both the MPCS and the PACS regis- 
ters are undefined, however none of the PCS lines 
will be active until both of the MPCS and PACS regis- 
ters are accessed. 


Table 11. MS, EX Programming Values 


Bit Description 


1 = Peripherals mapped into memory space. 
0 = Peripherals mapped into 1/0 space. 

0 =5 PCS lines. A1, A2 provided. 

1 =7 PCS lines. At, A2 are not provided. 


MPCS bits 0-2 are used to specify READY mode for 
PCS4-—PCSE6 as outlined below. 


READY Generation Logic 


The iAPX 186 can generate a “READY” signal inter- 
nally for each of the memory or peripheral CS lines. 
The number of WAIT states to be inserted for each 
peripheral or memory is programmable to provide 
0-3 wait states for all accesses to the area for which 
the chip select is active. In addition, the iAPX 186 may 
be programmed to either ignore external READY for 


each chip-select range individually or to factor exter- 
nal READY with the integrated ready generator. 


READY control consists of 3 bits for each CS line or 
group of lines generated by the iAPX 186. The inter- 
pretation of the ready bits is shown in Table 12. 


Table 12. READY Bits Programming 


RO|Number of WAIT States Generated 


0 wait states, external RDY also used. 

1 wait state inserted, external RADY also| 
used. 

2 wait states inserted, external RDY also} 
used. 

3 wait states inserted, external RDY also} 
used. 

0 wait states, external RDY ignored. 

1 wait state inserted, external ADY| 
ignored. 

2 wail states inserted, external AD 
Ignored. 

3 wail states inserted, external RD’ 
ignored. 


The internal ready generator operates in parallel with 
external READY, not in series if the external READY 
is used (R2 = 0). This means, for example, if the 
internal generator is set to insert two wait states, but 
activity on the external READY lines will insert four 
wait states, the processor will only insert four wait 
States, not six. This is because the two wait states 
generated by the internal generator overlapped the 
first two wait states generated by the external ready 
signal. Note that the external ARDY and SADY lines 
are always ignored during cycles accessing internal 
peripherals. 


R2-RO of each control word specifies the READY 
mode for the corresponding block, with the excep- 
tion of the peripheral chip selects: R2-RO of PACS 
set the PCS0-3 READY mode, R2-RO of MPCS set 
the PCS4-6 READY mode. 


Chip Select/Ready Logic and Reset 


Upon reset, the Chip-Select/Ready Logic will per- 
form the following actions: 


® All chip-select outputs will be driven HIGH. 

© Upon leaving RESET, the UCS line will be pro- 
grammed to provide chip selects to a 1K block with 
the accompanying READY control bits set at 011 to 


Figure 16. MPCS Register 
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allow the maximum number of internal wait states 
in conjunction with external Ready consideration 
(i.e, UMCS resets to FFFBH). 

* No other chip select or READY control registers 
have any predefined values after RESET. They will 
hot become active until the CPU accesses their 
control registers. Both the PACS and MPCS regis- 
ters must be accessed before the PCS lines will 
become active. 


DMA CHANNELS 


The 80186 DMA controller provides two independent 
high-speed DMA channels. Data transfers can occur 
between memory and VO spaces {e.g., Memory to 
VO) or within the same space (e.g.. Memory to 
Memory or t/O to I/O). Data can be transferred either 
in bytes (8 bits) or in words (16 bits) to or from even or 
odd addresses. Each DMA channel maintains both a 
20-bit source and destination pointer which can be 
optionally incremented or decremented after each 
data transfer (by one or two depending on byte or 
word transfers). Each data transfer consumes 2 bus 
cycles (a minimum of 8 clocks), one cycle to fetch 
data and the other to store data. This provides a 
maximum data transfer rate of one Mword/sec or 2 
MBytes/sec. 


DMA Operation 


Each channel has six registers in the contro! biock 
which define each channel's specific operation. The 
control registers consist of a 20-bit Source pointer (2 
words), a 20-bit Destination pointer (2 words), a 16- 
bit Transfer Counter, and a 16-bit Control Word. The 
format of the OMA Control Blocks is shown in Table 
13. The Transfer Count Register (TC) specifies the 
number of DMA transfers to be performed. Up to 64K 
byte or word transfers can be performed with auto- 
matic termination. The Control Word defines the 
channet’s operation (see Figure 18). All registers may 
be modified or altered during any DMA activity. Any 
changes made to these registers will be reflected 
immediately in DMA operation. 


Table 13. DMA Controt Block Format 


Register Address 


Control Word 
Transfer Count 


Destination Pointer (upper 4 
bits) i 

Dastination Pointer 

Source Pointer (upper 4 bits! 

Source Pointer 


Figure 17. DMA Unit Block Diagram 
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Figure 18. DMA Control Register 
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DMA Channel Control Word Register INT: 


Each DMA Channel Controf Word determines the Tc: 
mode of operation for the particular 80186 DMA 
channel. This register specifies: 


© the mode of synchronization; 

¢ whether bytes or words will be transferred; 

© whether interrupts will be generated after the fast 
transfer: 

¢ whether DMA activity will cease after a pro- 
grammed number of DMA cycles; 

® the relative priority of the OMA channel with 
respect to the other DMA channel; SYN: 

e whether the source pointer will be incremented, (2 bits) 
decremented, or maintained constant after each 
transfer; . 

© whether the source pointer addresses memory or 
/O space; 

e whether the destination pointer will be incre- 
mented, decremented, or maintained constant af- 
ter each transfer; and 

¢ whether the destination pointer will address 
memory or /O space. 


SOURCE: INC 


The OMA channel control registers may be changed milo 
while the channel is operating. However, any 

changes made during operation will affect the cur- DEC 
rent DMA transfer. 


DMA Controi Word Bit Descriptions DEST: INC 


Bw: Byte/Word (0/1) Transfers. MIO 
ST/STOP: Start/stop (1/0) Channel. 


CHG/NOCHG: Change/Do not change (1/0) 
ST/STOP bit. If this bit is set when 
writing to the control word, the p 
ST/STOP bit will be programmed by 
the write to the control word. If this 
bit is cleared when writing the con- 
trol word, the ST/STOP bit will not 
be altered. This bit is not stored; it 
will always be a 0 on read. 


OEC 


Enable Interrupts to CPU on byte 
count termination. 
If set, DMA will terminate when the 
contents of the Transfer Count reg- 
ister reach zero. The ST/STOP bit 
will also be reset at this point if TC is 
set. if this bit is cleared, the DMA 
unit will decrement the transfer 
count register for each DMA cycle, 
but the DMA transfer will not stop 
when the contents of the TC register 
reach zero. 
00 No synchronization. 
NOTE: The ST bit will be cleared 
automatically when the contents 
of the TC register reach zero re- 
gardless of the state of the TC bit. 
01 Source synchronization. 
10 Destination synchronization. 
11 Unused. 
Increment source pointer by 1 or 2 
(depends on B/W) after each 
transfer. 
Source pointer is in M/IO space 
(1/0). 
Decrement source pointer by 1 or 2 
(depends on B/W) after each 
transfer. 
Increment destination pointer by 1 — 
or 2 (B/W) after each transfer. 
Destination pointer is in M/lO space 
(1/0). 
Decrement destination pointer by 1 
or 2 (depending on B/W) after each 
{ransfer. 
Channel priority—relative to other 
channel. 
0 Sow priority. 
1 high priority. 
Channels will alternate cycles if 
both sat at same priority level. 
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TORQ 0: Disable DMA requests trom timer 
2., 
1: Enable DMA requests from timer 
2. 
Bits Bit 3 is not used. 


If both INC and DEC are specified for the same 
Pointer, the pointer will remain constant after each 
cycle. 


DMA Destination and Source Pointer 
Registers 


Each DMA channel maintains a 20-bit source and a 
20-bit destination pointer. Each of these pointers 
takes up two full 16-bit registers in the peripheral 
control block. The lower four bits of the upper regis- 
ter contain the upper four bits of the 20-bit physical 
address (see Figure 18a). These pointers may be 
individually incremented or decremented after each 
transfer. If word transfers are performed the pointer 
is incremented or decremented by two. Each pointer 
may point into either memory or I/O space. Since the 
OMA channels can perform transfers to or from odd 
addresses, there is no restriction on values for the 
pointer registers. Higher transfer rates can be ob- 
tained if all word transfers are performed to even 
addresses, since this will allow data to be accessed in 
a single memory access. 


DMA Transfer Count Register 


Each DMA channel maintains a 16-bit transfer count 
tegister (TC). This register is decremented after 
every DMA cycle, regardless of the state of the TC bit 
in the DMA Control Register. If the TC bit in the DMA 
control word is set, however, DMA activity will ter- 
minate when the transfer count register reaches 
zero. 


3000 DON'T CARE 


DMA Requests 


Data transfers may be either source or destination 
synchronized, that is either the source of the data or 
the destination of the data may request the data 
transfer. In addition, OMA transfers may be un- 
synchronized; that is, the transfer will take place 
continually until the correct number of transfers has 
occurred. When source or unsynchronized transfers 
are performed, the DMA channel may begin another 
transfer immediately after the end of a previous DMA 
transter. This allows a complete transfer to take place 
every 2 bus cycles or eight clock cycles (assuming no 
wait states). No prefetching occurs when destination 
synchronization is performed, however. Data will not 
be fetched from the source address until the destina- 
tion device signals that it is ready to receive it. When 
destination synchronized transfers are requested, 
the DMA controller will relinquish control of the bus 
after every transfer. It no other bus activity is in- 
itiated, another DMA cycle will begin after two pro- 
cessor clocks. This is done to altow the destination 
device time to remove its request if another transfer 
is not desired. Since the DMA controller will relin- 
quish the bus, the CPU can initiate a bus cycle. As a 
result, a complete bus cycle will often be inserted 
between destination synchronized transfers. These 
lead to the maximum DMA transfer rates shown in 
Table 14. 


Table 14. Maximum DMA Transfer Rates 
Type of 
Synchronization 
Selected 


CPU Running} CPU Halted 


Unsynchronized 2MBytes/sec 2MBytes/sec 
Source Synch 2MBytes/sec 2MBytes/sec 
Destination Synch 1.3MBytes/sec | 1.5MBytes/sec 


Figure 18a. DMA Memory Pointer Register Format 


HIGHER 
REGISTER 
ADORESS 
LOWER 
REGISTER A3-A0 
ADDRESS 


0955168 19. 


DMA Acknowledge 


No explicit DMA acknowledge pulse is provided. 
Since both source and destination pointers are 
maintained, a read from a requesting source, or a 
write to a requesting destination, should be used as 
the DMA acknowledge signal. Since the chip-select 
lines can be programmed to be active for a given 
block of memory or /O space, and the DMA pointers 
can be programmegd to point to the same given block, 
a chip-select line could be used to indicate a DMA 
acknowledge. 


DMA Priority 


The DMA channels may be programmed such that 
one channel is always given priority over the other, or 
they may be programmed such as fo alternate cycles 
when both have DMA requests pending. DMA cycles 
always have priority over internal CPU cycies except 
between locked memory accesses or word accesses 
the odd memory locations; however, an external bus 
hold takes priority over an internal OMA cycle. Be- 
cause an interrupt request cannot suspend a DMA 
operation and the CPU cannot access memory dur- 
ing a DMA cycle, interrupt latency time will suffer 
during sequences of continuous OMA cycles. An 
NMI request, however, will cause all internal DMA 
activity to halt. This allows the CPU to quickly 
respond to the NMI request. 


DMA Programming 


OMA cycles will occur whenever the ST/STOP bit of 
the Control Register is set. If synchronized transfers 
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are programmed, a ORQ must also have been 
generated. Therefore, the source and destination 
transfer pointers, and the transfer count register (if 
used) must be programmed before this bit is set. 


Each DMA register may be modified while the chan- 
nel is operating. If the CHG/NOCHG bit is cleared 
when the control register is written, the ST/STOP bit 
of the control register will not be modified by the 
write. If multiple channel registers are modified, it is 
recommended that a LOCKED string transfer be 
used to prevent a DMA transfer from occurring be- 
tween updates to the channel registers. 


DMA Channets and Reset 


Upon RESET, the DMA channels will perform the 
following actions: 


® The Start/Stop bit for each channel will be reset to 
STOP. 
« Any transfer in progress is aborted. 


TIMERS 


The 80186 provides three internal 16-bit programma- 
ble timers (see Figure 19). Two of these are highly 
flexible and are connected to four external pins (2 
per timer). They can be used to count external 
events, time external events, generate nonrepetitive 
waveforms, etc. The third timer is not connected to 
any external pins, and is useful for real-time coding 
and time delay applications. In addition, this third 
timer can be used as a prescaler to the other two, or 
as a DMA request source. 


Figure 19. Timer Block Diagram 


MAX COUNT VALUE 
B 
MODE/CONTROL | 
WORD 


MAX COUNT VALUE 
A 
MAX COUNT VALUE 
8 
MODE/CONTROL 
WORD 


INTERNAL ADDRESS/DATA BUS 


ALL 16 BIT REGISTERS: 
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Timer Operation 


The timers are controlled by 11 16-bit registers in the 
internal peripheral controt block. The configuration 
of these registers is shown in Table 15. The count 
register contains the current value of the timer. {t can 
be read or written at any time independent of 
whether the timer is running or not. The value of this 
register will be incremented for each timer event. 
€ach of the timers is equipped with a MAX COUNT 
register, which defines the maximum count the timer 
will reach. After reaching the MAX COUNT register 
value, the timer count value will reset to zero during 
that same clock, i.e., the maximum count value is 
never stored in the count register itself. Timers 0 and 
1 are, in addition, equipped with a second MAX 
COUNT register, which enables the timers to alter- 
nate their count between two different MAX COUNT 
values programmed by the user. If a single MAX 
COUNT register is used, the timer output pin will 
switch LOW for a single clock, 2 clocks after the 
maximum count value has been reached. In the dual 
MAX COUNT register mode, the output pin will indi- 
cate which MAX COUNT register is currently in use, 
thus allowing nearly complete freedom in selecting 
waveform duty cycles. For the timers. with two MAX 
COUNT registers, the RIU bit in the control register 
determines which is used for the comparison. 


Each timer gets serviced every fourth CPU-clock 
cycle, and thus can operate at speeds up to one- 
quarter the internal clock frequency (one-eighth the 
crystal rate). External clocking of the timers may be 
done at up to a rate of one-quarter of the internal 
CPU-clock rate (2 MHz for an 8 MHz CPU clock). Due 
to internal synchronization and pipelining of the 
timer circuitry, a timer output may take up to 6 clocks 
to respond to any individual clock or gate input. 


15 14 13 12 "1 


Figure 20. Timer Mode/Controt Register 
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Since the count registers and the maximum count 
registers are all 16 bits wide, 16 bits of resolution 
are provided. Any Read or Write access to the 
timers will add one wait state to the minimum 
four-clock bus cycle. However, this is needed to 
synchronize and coordinate the internal data flows 
between the internal timers and the internal bus. 


The timers have several programmable options. 


© All three timers can be set to halt or continue ona 
terminal count. 

* Timers 0 and 1 can select between internal and 
external clocks, alternate between MAX COUNT 
registers and be set to retrigger on external events. 

* The timers may be programmed to cause an inter- 
rupt on terminal count. 


These options are selectable via the timer mode/ 
control word. 


Timer Mode/Control Register 


The mode/control register (see Figure 20) allows the 
user to program the specific mode of operation or 
check the current programmed status for any of the 
three integrated timers. 


Table 15. Timer Control Block Format 
Register Offset 
Tme. 0; Tmr. 1 Tmr. 2 


66H 

not present 
62H 
60H 


Register Name 


Mode/Contro! Word 
Max Count B 

Max Count A 
Count Register 


5 4 1 9 
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ALT: 

The ALT bit determines which of two MAX COUNT 
registers is used for count comparison. If ALT = 0, 
register A for that timer is always used, while if ALT = 
1, the comparison will alternate between register A 
and register B when each maximum count is 
reached. This alternation allows the user to change 
one MAX COUNT register while the other is being 
used, and thus provides a method of generating non- 
repetitive waveforms. Square waves and pulse out- 
puts of any duty cycle are a subset of available 
signals obtained: by not changing the final count 
registers. The ALT bit also determines the function of 
the timer output pin. If ALT is zero, the output pin will 
go LOW for one clock, the clock after the maximum 
count is reached. if ALT is one, the output pin will 
reflect the current MAX COUNT register being used 
(0/1 for B/A). 


CONT: : 

Setting the CONT bit causes the associated timer to 
run continuously, while resetting it causes the timer 
to halt upon maximum count. {f CONT = 0 and ALT 
=1, the timer will count to the MAX COUNT register A 
value, reset, count to the register B value, reset, and 
halt. 


EXT: 

The external bit selects between internal and exter- 
nal clocking for the timer. The external signal may be 
asynchronous with respect to the 60186 clock. If this 
bit is set, the timer will count LOW-to-HIGH trans- 
itions on the input pin. If cleared, it will count an 
internal clock while using the input pin for control. In 
this mode, the function of the externa! pin is defined 
by the RTG bit. The maximum input to output transi- 
tion latency time may be as much as 6 clocks. 
However, clock inputs may be pipelined as closely 
together as every 4 clocks without losing clock 
pulses. 


P: 

The prescaler bit is ignored unless internal clocking 
has been selected (EXT = 0). If the P bit is a zero, the 
timer will count at one-fourth the internal CPU clock 
rate. If the P bit is a one, the output of timer 2 will be 
used as a clock for the timer. Note that the user must 
initialize and start timer 2 to obtain the prescaled 
clock. 


RIG: 


- Retrigger bit is only active for internal clocking (EXT 


= 0). In this case it determines the control function 
provided by the input pin. 


{f RTG = 0, the input level gates the internal clock on 
and off. If the input pin is HIGH, the timer will count; if 


the input pin is LOW, the timer will hold its value. As 
indicated previously, the input signal may be asyn- 
chrontous with respect to the 80186 clock. 


When ATG = 1, the input pin detects LOW-to-HIGH 
transitions. The first such transition starts the timer 
running, clearing the timer value to zero on the first 
clock, and then incrementing thereafter. Further 
transitions on the input pin will again reset the timer 
to zero, from which it will start counting up again. If 
CONT = 0, when the timer has reached maximum 
count, the EN bit will be cleared, inhibiting further 
timer activity. 


EN: 

The enable bit provides programmer control over the 
timer's RUN/HALT status. When set, the timer is en- 
abled to increment subject to the input pin con- 
straints in the internal clock mode (discussed 
previously). When cleared, the timer will be inhibited 
from counting. All input pin transitions during the 
time EN is zero will be ignored. If CONT is zero, the 
EN bit is automatically cleared uoon maximum 
count. 


INH: 

The inhibit bit allows for selective updating of the 
enable (EN) bit. If INH is a one during the write to the 
mode/control word, then the state of the EN bit will 
be modified by the write. If INH is a zero during the 
write, the EN bit will be unaffected by the operation. 


‘This bit is not stored; it will always be a0 on a read. 


INT: 

When set, the INT bit enables interrupts from the 
timer, which -will be generated on every terminal 
count. If the timer is configured in duat MAX COUNT 
register mode, an interrupt will be generated each 
time the value in MAX COUNT register A is reached, 
and each time the value in MAX COUNT register B is 
reached. If this enable bit is cleared after the inter- 
tupt request has been generated, but before a pend- 
ing interrupt is serviced, the interrupt request will 
still be in force. (The request is !atched in the Inter- 
rupt Controller.) 


MC: 

The Maximum Count bit is set whenever the timer 
teaches its final maximum count value. If the timer is 
configured in dual MAX COUNT register mode, this 
bit will be set each time the value in MAX COUNT 
register A is reached, and each time the value in MAX 
COUNT register B is reached. This bit is set regard- 
less of the timers interrupt-enable bit. The MC bit 
gives the user the ability to monitor timer status 
through software instead of through interrupts. 
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RIU: 

The Register In Use bit indicates which MAX COUNT 
register is currently being used for comparison to the 
timer count value. A zero value indicates register A. 
The RIU bit cannot be written, ie, its value is not 
affected when the control register is written. ft is 
always cleared when the ALT bit is zero. 


Not all mode bits are provided for timer 2. Certain bits 
are hardwired as indicated below: 


ALT ~ 0, EXT = 0, P = 0, RTG = 0, AIU = 0 


Count Registers 


Each of the three timers has a 16-bit count register. 
The current contents of this register may be read or 
written by the processor at any time. If the register is 
written into while the timer is counting, the new value 
will take effect in the current count cycle. 


Max Count Registers 


Timers 0 and 1 have two MAX COUNTregisters, while 
timer 2 has a single MAX COUNT register. These con- 
tain the number of events the timer will count. in 
timers 0 and 1, the MAX COUNT register used can 
alternate between the two max count values 
whenever the current maximum count is reached. 
The condition which causes a timer to reset is equiv- 
alent between the current count value and the max 
count being used. This means that if the count is 
changed to be above the max count value, or if the 
max count value is changed to be below the current 
value, the timer will not reset to zero, but rather will 
count to its maximum value, “wrap around" to zero, 
then count until the max count is reached. 


Timers and Reset 


Upon RESET, the Timers will perform the following 
acticns; 


* All EN (Enable) bits are reset preventing timer 
counting. 

¢ All SEL (Select) bits are reset to zero. This selects 
MAX COUNT register A, resulting in the Timer Out 
pins going HIGH upon RESET. 


INTERRUPT CONTROLLER 


The 80186 can receive interrupts from a number of 
sources, both internal and external. The internal in- 
terrupt controller serves to merge these requests on 
a priority basis, for individual service by the CPU. 


Internal interrupt sources (Timers and DMA chan- 
nels) can be disabled by their own control registers 
or by mask bits within the interrupt controller. The 
80186 interrupt controller has its own control regis- 
ters that set the mode of operation for the controller 


The interrupt controller will resolve priority among 
requests that are pending simultaneously. Nesting is 
Provided so interrupt service routines for lower 
Priority interrupts may themselves be interrupted by 
higher priority interrupts. A block diagram of the 
interrupt controller is shown in Figure 21. 


The interrupt controller has a special iRMX 86 com- 
patibility mode that allows the use of the 80186 
within the iRMX 86 operating system interrupt struc- 
ture. The controller is set in this mode by setting bit 
14 in the peripheral control block relocation register 
{see iRMX 86 Compatibility Mode section). In this 
mode, the internal 80186 interrupt controller tunc- 
tions as a “slave” controller to an external “master” 
controller. Special initialization software must be in- 
cluded to properly set up the 80186 interrupt control- 
ler in iRMX 86 mode. 


NON-IRMX MODE OPERATION 


Interrupt Controller External interface 


For external interrupt sources, five dedicated pins 
are provided. One of these pins is dedicated to NMI, 
non-maskable interrupt. This is typically used for 
power-fail interrupts, etc. The other four pins may 
function either as four interrupt input lines with inter- 
nally generated interrupt vectors, as an interrupt line 
and an interrupt acknowledge fine (called the 
“cascade mode’) along with two other input lines 
with internally generated interrupt vectors, or as two 
interrupt input lines and two dedicated interrupt ac- 
knowledge ouput lines. When the interrupt lines are 
configured in cascade mode, the 80186 interrupt 
controller will not generate internal interrupt 
vectors. 


External sources in the cascade mode use externally 
generated interrupt vectors. When an interrupt is 
acknowledged, two INTA cycles are initiated and the 
vector is read into the 80186 on the second cycle. The 
capability to interface to external 8259A program- 
maole interrupt controllers is thus provided when the 
inputs are configured in cascade mode. 
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interrupt Controlier Modes of Operation 


The basic modes of operation of the interrupt con- 
troiter in non-iRMX mode are similar to the B259A. 
The interrupt controller responds identically to inter- 
nal interrupts in alt three modes: the difference is 
only in the interpretation of function of the four exter- 
nal interrupt pins. The interrupt controller is set into 
one of these three modes by programming the cor- 
rect bits in the INTO and INT1 contro! registers. The 
modes of interrupt controtler operation are as 
follows: 


Fully Nested Mode 

When in the fully nested mode four pins are used as 
direct interrupt requests. The vectors for these foyr 
inputs are generated internally. An in-service bit is 
provided for every interrupt source. If a lower-priority 
device requests an interrupt while the in-service bit 
(IS) is set, no interrupt will be generated by the inter- 
rupt controller. In addition, if another interrupt re- 
quest occurs from the same interrupt source while 
the inservice bit is set, no interrupt will be generated 
by the interrupt controller. This allows interrupt ser- 
vice routines to operate with interrupts enabled with- 
out being themselves interrupted by iower-priority 
interrupts. Since interrupts are enabled, higher- 
priority interrupts will be serviced. 


When a service routine is completed, the proper IS 
bit must be reset by writing the proper pattern to the 
EOI register. This is required to allow subsequent 
interrupts from this interrupt source and to allow 
servicing of lower-priority interrupts. An EOI com- 
mand is issued at the end of the service routine just 


before the issuance of the return from interrupt in- 
struction. If the fully nested structure has been 
upheld, the next highest-priority source with its IS bit 
set is then serviced. 


Cascade Mode 

The 80186 has four interrupt pins and two of them 
have dual functions. In the fully nested mode the four 
pins are used as direct interrupt inputs and the cor- 
responding vectors are generated internally. In the 
cascade mode, the four pins are configured into in- 
terrupt input-dedicated acknowledge signal pairs. 
The interconnection is shown in Figure 22. INTO is an 
interrupt input interfaced to an 8259A, while 
INT2/INTAO serves as the dedicated interrupt ac- 
knowledge signal to that peripheral. The same is true 
for INT1 and INT3/INTA1. Each pair can selectively be 
placed in the cascade or non-cascade mode by pro- 
gramming the proper value into INTO and INT1 con- 
trot registers. The use of the dedicated acknowledge 
signals eliminates the need for the use of external 
logic to generate INTA and device select signals. 


The primary cascade mode allows the capability to 
serve up to 128 external interrupt sources through 
the use of external master and slave 8259As. Three 
leveis of priority are created, requiring priority 
resolution in the 80186 interrupt controller, the mas- 
ter 8259As, and the slave 8259As. If an external inter- 
rupt is serviced, one {S bit is set at each of these 
jevels. When the interrupt service routine is com- 
pleted, up to three end-of-interrupt commands must 
be issued by the programmer. 


Figure 21. Interrupt Controller Block Diagram 
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Special Fully Nested Mode 

This mode is entered by setting the SFNM bit in INTO 
or INT1 control register. it enables complete nestabil- 
ity with external 8259A masters. Normally, an inter- 
tupt request from an interrupt source will not be 
recognized unless the in-service bit for that source is 
teset. If more than one interrupt source is connected 
to an external interrupt controller, all of the interrupts 
will be funneled through the same 80186 interrupt 
request pin. As a result, if the external interrupt con- 
troller receives a higher-priority interrupt, its inter- 
rupt will not be recognized by the 80186 controller 
until the 80186 in-service bit is reset. In special fully 
nested mode, the 80186 interrupt controller will allow 
interrupts from an external pin regardless of the 
State of the in-service bit for an interrupt source in 
order to allow multiple interrupts from a single pin. 
An in-service bit will continue to be set, however, to 
inhibit interrupts from other lower-priority 80186 in- 
terrupt sources. 


Special procedures should be followed when reset- 
ting iS bits at the end of interrupt service routines. 
Software polling of the external master's IS register 
is required to determine if there is more than one bit 
set. If so, the 1S bit in the 80186 remains active and 
the next interrupt service routine is entered. 


Operation in a Polled Environment 


The controller may be used in a polled mode if inter- 
rupts are undesirable. When polling. the processor 
disables interrupts and then polls the interrupt con- 
troller whenever it is convenient. Polling the inter- 
tupt controller is accomplished by reading the Poll 
Word (Figure 9). Bit 15 in the poll word indicates to 
the processor that an interrupt of high enough 
priority is requesting service. Bits 0-4 indicate to the 
processor the lype vector of the highest-priority 
source requesting service. Reading the Poll Word 
causes the In-Service bit of the highest-priority 
source to be set. 


lt is desirable to be able to read the Poll Word infor- 
mation without guaranteeing service of any pending 
interrupt, i.e., not set the indicated in-service bit. The 
80186 provides a Poll Status Word in addition to the 
conventional Poll Word to allow this to be done. Poll 
Word information is duplicated in the Poll Status 
Word, but reading the Poll Status Word does not set 
the associated in-service bit. These words are lo- 
cated in two adjacent memory tocations in the regis- 
ter file. 
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Non-IRMX Mode Features 


Programmable Priority 

The user can program the interrupt sources into any 
of eight different priority levels. The programming is 
done by placing a 3-bit priority level (0-7) in the 
control register of each interrupt source. (A source 
with a priority level of 4 has higher priority over all 
priority levels from 5 to 7. Priority registers contain- 
ing values lower than 4 have greater priority.) All 
interrupt sources have preprogrammed default 
priority levels (see Table 4). 


if two requests with the same programmed priority 
level are pending at once. the priority ordering 
scheme shown in Table 4 is used. {if the serviced 
interrupt routine reenables interrupts, it allows other 
requests to be serviced. 


End-of-Interrupt Command 

The end-of-interrupt (EO!) command is used by the 
programmer to reset the In-Service (IS) bit when an 
interrupt service routine is completed. The EO! com- 
mand is issued by writing the proper pattern to the 
EOt register. There are two types of EOI commands, 
specific and nonspecific. The nonspecific command 
does not specify which IS bit is reset. When issued, 
the interrupt controller automatically resets the IS bit 
of the highest priority source with an active service 
routine. A specific EO! command requires that the 
programmer send the interrupt vector type to the 
interrupt controller indicating which source's IS bit is 
to be reset. This command is used when the fully 
nested structure has been disturbed or the highest 
priority IS bit that was set does not belong to the 
service routine in progress. 


Trigger Mode 

The four external interrupt pins can be programmed 
in either edge- or level-trigger mode. The control 
register for each external source has a level-trigger 
mode (LTM) bit. All interrupt inputs are active HIGH. 
In the edge sense mode or the level-trigger mode, the 
interrupt request must remain active (HIGH) until the 
interrupt request is acknowledged by the 80186 CPU. 
In the edge-sense mode, if the level remains high 
after the interrupt is acknowledged, the input is dis- 
abled and no further requests will be generated. The 
input level must go LOW for at least one clock cycle to 
reenable the input. In the level-trigger mode, no such 
provision is made: holding the interrupt input HIGH 
will cause continuous interrupt requests. 
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Interrupt Vectoring 

The 80186 tnterrupt Controller will generate inter- 
rupt vectors for the integrated DMA channels and 
the integrated Timers. in addition, the Interrupt Con- 
troller will generate interrupt vectors for the external 
interrupt fines if they are not configured in Cascade 
or Special Fully Nested Mode. The interrupt vectors 
generated are fixed and cannot be changed (see 
Table 4), 


Interrupt Controller Registers 


The Interrupt Controller register model is shown in 
Figure 23. It contains 15 registers. All registers can 
both be read or written unless specified otherwise. 


In-Service Register 

This register can be read from or written into. The 
format is shown in Figure 24. it contains the In- 
Service bit for each of the interrupt sources. The 
In-Service bit is set to indicate that a source's service 
routine is in progress. When an In-Service bit is set, 
the interrupt controller will not generate interrupts to 
the CPU when it receives interrupt requests from 
devices with a lower programmed priority level. The 
TMA bit is the In-Service bit for all three timers; the 
00 and 01 bits are the In-Service bits for the two DMA 
channels; the [0-13 are the In-Service bits for the 
external interrupt pins. The IS bit is set when the 
Processor acknowledges an interrupt request either 
by an interrupt acknowledge or by reading the poll 
register. The IS bit is reset at the end of the interrupt 
service routine by an end-of-interrupt command is- 
sued by the CPU. 


Interrupt Request Register 

The internal interrupt sources have interrupt request 
bits inside the interrupt controller. The format of this 
register is shown in Figure 24. A read from this regis- 
ter yields the status of these bits. The TMR bit is the 
logical OR of all timer interrupt requests. DO and D1 
are the interrupt request bits for the DMA channels. 


The state of the external interrupt input pins is also 
indicated. The state of the external interrupt pins is 
not a stored condition inside the interrupt controller, 
therefore the external interrupt bits cannot be writ- 
ten. The external interrupt request bits show exactly 
when an interrupt request is given to the interrupt 
controller, so if edge-triggered mode is selected, the 
bit in the register will be HIGH only after an inactive- 
to-active transition. For internal interrupt sources, 
the register bits are set when a request arrives and 
are reset when the processor acknowledges the 
requests. 


Mask Register 

This is a 16-bit register that contains a mask bit for 
each interrupt source, The format for this register is 
shown in Figure 24. A one in a bit position corres- 
ponding to a particular source serves to mask the 
source from generating interrupts. These mask bits 
are the exact same bits which are used in the individ- 
ual control registers; programming a mask bit using 
the mask register will also change this bit in the 
individual control registers, and vice versa. 


Figure 22. Cascade Mode Interrupt Connection 
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ak re T 
Figure 23. Interrupt Controller Registers 
(Non-IRMX 86 Mode) 


Priority Mask Register 

This register is used to mask ail interrupts below 
particular interrupt priority levels. The format of this 
register is shown in Figure 25. The code in the lower 
three bits of this register inhibits interrupts of 
priority lower (a higher priority number) than the 
code specified. For example, 100 written into this 
register masks interrupts of level five (101), six (110), 
INTI CONTROL REGISTER and seven (111). The register is reset to seven (111) 

a upon RESET so all interrupts are unmasked. 


INTO CONTROL REGISTER 
= = interrupt Status Register 


OMA 1 CONTROL REGISTER This register contains general interrupt controller 
i status information. The format of this register is 
DMA 0 CONTROL REGISTER shown in Figure 26. The bits in the status register 
have the following functions: a 


INTS CONTROL REGISTER 


INT2 CONTROL REGISTER 


TIMER CONTROL REGISTER 
ae = DHLT: DMA Halt Transfer: setting this bit halts all 
DMA transfers. it is automatically set 
whenever a non-maskable interrupt occurs, 
and it is reset when an IRET instruction is 
executed. The purpose of this bit is to allow 
Prompt service of all non-maskable inter- 
rupts. This bit may aiso be sat by the CPU. 


INTERRUPT CONTROLLER STATUS REGISTER 


INTERRUPT REQUEST REGISTER 


IN-SEAVICE REGISTER 


PRIORITY MASK REGISTER . 
IATx: These three bits represent the individual 


MASK REGISTER timer interrupt request bits. These bits are 
“used to differentiate the timer interrupts, 
since the timer IA bit in the interrupt re- 
quest register is the “OR” function of alt 
timer interrupt requests, Note that setting 
any one of these three bits initiates an inter- 
Tupt request to the interrupt controller. 


POLL STATUS REGISTER 


POLL REGISTER 


E01 REGISTER 


Figure 24. In-Service, interrupt Request, and Mask Register Formats 
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Figure 25. Priority Mask Register Format 


Ais “4 3 2 1 0 
PC) 


OSI 78 


Figure 26. Interrupt Status Reglater Format 
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Timer, DMA 0, 1; Control Registers 

These registers are the control words for all the inter- 
nal interrupt sources. The format tor these registers 
is shown in Figure 27, The three bit positions PRO, 
PR1, and PR2 represent the programmable priority 
level of the interrupt source. The MSK bit inhibits 
interrupt requests from the interrupt source. The 
MSK bits in the individual control registers are the 
exact same bits as are in the Mask Register; modify- 
ing them in the individual! control registers will also 
modify them in the Mask Register, and vice versa. 


INTO-INT3 Control Registers 

These registers are the control words for the four 
external input pins. Figure 28 shows the format of the 
INTO and INT1 Control registers; Figure 29 shows the 
format of the INT2 and INT3 Control registers. In 
cascade mode or special fully nested mode, the con- 
trol words for INT2 and INT3 are not used. 


The bits in the various control registers are encoded 
as follows: 


PRO-2: Priority programming information. Highest 
priority ~ 000, lowest priority - 411. 


LTM: Level-trigger mode bit. 1 = level-triggered; 
0 = edge-triggered. interrupt Input levels 
are active high. In level-triggered mode, an 
interrupt is generated whenever the exter- 
nal line is high. In edge-triggered mode, an 
interrupt will be generated only when this 


v 


level is preceded by an inactive-to-active 
transition on the line. In both cases. the 
level must remain active until the interrupt 
is acknowledged. 


MSK: Mask bit, 1. - mask; 0 = nonmask 
C: Cascade mode bit. 1 = cascade:0 direct 


SFNM: Special fully nested mode bit. 1 - SFNM: 
0 - normal nested mode 


EOI Register 

The end of the interrupt register is a command regis- 
ter which can only be written into. The format of this 
register is shown in Figure 30. It initiates an EOt 
command when written to by the 80186 CPU 


The bits in the EOI register are encoded as follows: 


S: Encoded information that specifies an in- 
terrupt source vector type as shown in 
Table 4. For example, to reset the In-Service 
bit for DMA channel 0, these bits should be 
set to 01010, since the vector type for OMA 
channel 0 is 10. Note that to reset the single 
In-Service bit for any of the three timers, the 
vector type for timer 0 (8) should be written 
in this register. 


Figure 27. Timer/DMA Control Register Formats 
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Figure 28. INTO/INT1 Control Register Formats 
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NSPEC/: A bit that determines the type of EO! com- 
SPEC mand. Nonspecific = 1, Specific = 0. 


Poll and Poll Status Registers 

These registers contain polling information. The for- 
mat of these registers is shown in Figure 31. They can 
only be read. Reading the Poll register constitutes a 
software poll. This will set the IS bit of the highest 
Priority pending interrupt. Reading the poll status 
register will not set the IS bit of the highest priority 
pending interrupt, only the status of pending inter- 
rupts will be provided. 


Encoding of the Poll and Poll Status register bits are 
as follows: 


Si: Encoded information that indicates the 
vector type of the highest priority interrupt- 
ing source. Valid only when INTREQ = 1. 


INTREQ: This bit determines if an interrupt request is 
present. Interrupt Request = 1: no Interrupt 
Request = 0. 


IRMX 86 COMPATIBILITY MODE 


This mode allows iRMX 86-80186 compatibility. The 
interrupt model of IRMX 86 requires one master and 
multiple slave 8259As in cascaded fashion. When 
iAMX mode is used, the internal 80186 interrupt con- 
troller will be used as a slave controller to an external 
master interrupt controlter, The internal 80186 re- 
sources will be monitored through the internal inter- 
rupt controller, while the external controller 
functions as the system master interrupt controller. 


Upon reset, the 80186 interrupt controller will be in 
the non-iRMX 86 mode of operation. Yo set the con- 
trotler in the iRMX 86 mode, bit 14 of the Relocation 
Register should be set. 


Because of pin limitations caused by the need to 
interface to an external 8259A master, the internal 
interrupt controller will no longer accept external 
inputs. There are however, enough 80186 interrupt 
controller inputs (internally) to dedicate one to each 
timer. In this mode, each timer interrupt source has 
its own mask bit, IS bit. and contro! word. 


The iRMX 86 operating system requires peripherals 
to be assigned fixed priority levels. This is incom- 
patible with the normal operation of the 80186 inter- 
rupt controller. Therefore, the initialization software 
must program the proper priority levels for each 
source. The required priority levels for the internal 
interrupt sources in iRMX mode are shown in Table 
16. 


Table 16. Internal Source Priority Level 


Priority Level . interrupt Source 


Timer 0 
(reserved) 
DMAO 
DMA 1 
Timer 1 
Timer 2 


MeaQn=o 


These level assignments must remain fixed in the 
iRMX 86 mode of operation. 


IRMX 86 Mode External Interface 


The configuration of the 80186 with respect to an 
external 8259A master is shown in Figure 32. The 
INTO input is used as the 80186 CPU interrupt input. 
INT3 functions as an output to send the 80786 slave- 
interrupt-request to one of the 8 master-PiC-inputs. 


~r 


Figure 30. EO! Register Format 


15 14 13 


5 4 3 2 1 
SPEC/ 
NSPEC 


035518-31 


Figure 31. Polit Register Format 
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Figure 32. IRMX 86 Interrupt Controller Interconnection 
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Correct master-slave interface requires decoding of 
the slave addresses (CASO-2). Slave 8259As do this 
internally. Because of pin limitations, the 80186 slave 
address will have to be decoded externally. INT? is 
used as a slave-select input. Note that the slave vec- 
tor address is transferred internally, but the READY 
input must be supplied externally. 


INT2 is used as an acknowledge output, suitable to 
drive the INTA input of an 8259A. 


Interrupt Nesting 


iRMX 86 mode operation allows nesting of interrupt 
requests. When an interrupt is acknowledged, the 
Priority logic masks off all priority levels except 
those with equal or higher priority. 


Vector Generation in the IRMX 86 Mode 


Vector generation in iRMX mode is exactly like that of 
an 8259A slave. The interrupt controller generates an 
8-bit vector which the CPU multiplies by four and 
uses as an address into a vector table. The significant 
five bits of the vector are user-programmabie while 
the lower three bits are generated by the priority 
logic. These bits represent the encoding of the 
priority level requesting service. The significant five 
bits of the vector are programmed by writing to the 
interrupt Vector register at offset 20H. 


Specific End-of-Interrupt 


In RMX mode the specific EOI command operates to 
reset an in-service bit of a specific priority. The user 
supplies a 3-bit priority-level value that points to an 
in-service bit to be reset. The command is executed 
by writing the correct value in the Specific EO! regis- 
tar at offset 22H. 


Interrupt Controller Registers 
in the IRMX 86 Mode 


All contro! and command registers are located inside 
the internal peripheral control block. Figure 33 
shows the offsets of these registers. 


End-of-Interrupt Register 

The end-of-interrupt register is a command register 
which can only be written. The format of this register 
is shown in Figure 34. It initiates an EO! command 
when written by the 80186 CPU. 


The bits in the EOI register are encoded as follows: 


L: Encoded value indicating the priority of the 
!S bit to be reset. 


In-Service Register 
This register can be read from or written into. It 
contains the in-service bit for each of the internal 


33 
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interrupt sources. The format for this register is 
shown in Figure 35. Bit positions 2 and 3 correspond 
ta the DMA channels; positions 0, 4, and 5 corre- 
spond to the integrat timers. The source's IS bit is set 
when the processor acknowledges its interrupt re- 
quest. 


Interrupt Request Register 

This register indicates which internal peripherals 
have interrupt requests pending. The format of this 
register is shown in Figure 35. The interrupt request 
bits are set when a request arrives from an internal 
source, and are reset when the processor acknowl- 
edges the request. 


Mask Register 

This register contains a mask bit for each interrupt 
source. The format for this register is shown in Fig- 
ure 35. If the bit in this register corresponding to a 
particular interrupt source is set, any interrupts from 
that source will be masked. These mask bits are 
exactly the same bits which are used in the individual 
control registers, i.e., changing the state of a mask 
bit in this register wilt also change the state of the 
mask bit in the individual interrupt control register 
corresponding to the bit. 


Control Registers 

These registers are the control words for alt the inter- 
nal interrupt sources. The format of these registers is 
shown in Figure 36. Each of the timers and both of 
the DMA channels have thelr own Control Register. 


The bits of the Control Registers ara encoded as 
follows: 


Pry:  3-bit encoded field indicating a priority levet 
for tha source; note that each source must 
be programmed at specified levels. 


msk: mask bit for the priority level indicated by pr, 
bits. 


Figure 33. Interrupt Controller Registers 
(IRMX 86 Mode) 


OFFSET 


LEVEL 5 CONTROL REGISTER 
{TIMER 2) 


JAH 


LEVEL 4 CONTROL AEGISTER 


BH 
(TIMER 1) % 


LEVEL 3 CONTROL REGISTER 


(OMA 1) oat 


LEVEL 2 CONTROL REGISTER 
(DMA 0} 


LEVEL 0 CONTROL REGISTER 
{TIMER 


INTERRUPT-REQUEST REGISTER 2EH 


IN-SERVICE REGISTER 2cH 


PRIORITY-LEVEL MASK REGISTER 2aH 


MASK REGISTER 28H 


SPECIFIC EOI AEGISTER 2H 


INTERRUPT VECTOR REGISTER 20H 


Interrupt Vector Register 

This register provides the upper five bits of tne inter- 
rupt vector address. The format of this register is 
shown in Figure 37. The interrupt controller itself 
provides the lower three bits of the interrupt vector 
as determined by the priority level! of the interrupt 
request. 


The format of the bits in this register is: 


ty: 5-bit field indicating the upper five bits of the 
vector address. 


Priority-Level Mask Register 
This register indicates the lowest priority-level inter- 
rupt which will be serviced. 


The encoding of the bits in this register is: 


m,: 3-bit encoded field indication priority-ievel 
value. All levels of lower priority will be 
masked. 


1APX 186 


Interrupt Controller and Reset 


Upon RESET, the interrupt controller will perform the 
following actions: 


e All SFNM bits reset to 0, implying Fully Nested 
Mode. 

© All PR bits in the various control registers set to 1. 
This places all sources at lowest priority (level 
114). 

¢ All LTM bits reset to 0, resulting in edge-sense 

mode. 

All Interrupt Service bits reset to a. 

Ali Interrupt Request bits reset to 0. 

All MSK (Interrupt Mask) bits set to 1 (mask). 

All C (Cascade) bits reset to 0 (non-cascade). 

All PRM (Priority Mask) bits set to 1, implying no 

levels masked. 

initialized to non-iRMX 86 mode. 


Figure 36. Control Word Format 
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Figure 34. Specitic EO! Register Format 
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Figure 37. interrupt Vector Register Format 


Figure 35. In-Service, Interrupt Request, and Mask Register Format 
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Figure 38. Priority Level Mask Register 
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Figure 39. Typical |APX 186 Computer 
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Figure 40. Typical iAPX 186 Multi-Master Sus interface 
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PACKAGE NOTE: The IDT 3M Textool 68-pin JEDEC Socket Figure 42. Textool 68 Lead Chip Carrier Socket 
The 80186 is housed in a 68-pin, leadiess JEDEC type _—‘'8 required for ICE™ operation. See Figure 40 for 
A hermetic chip carrier. Figure 41 illustrates the details. 
package dimensions. 

Figure 41. 80186 JEDEC Type A Package ‘ 
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IAPX 186 
ABSOLUTE MAXIMUM RATINGS* 


Ambient Temperature under Bias ..... 0°C to 70°C 
Storage Temperature ........... -65°C to +150°C 
Voltage on Any Pin with 

Respect to Ground 
Power Dissipation ............. 5 


..3 Watt 


D.C. CHARACTERISTICS (Ty = 


*NOTICE: Stresses above those listed under 
“Absolute Maximum Ratings” may cause permanent 
damage to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. 
Exposure to absolute maximum rating conditions 
for extended periods may affect device reliability. 


°-70°C, Veg = 5V +10%) 


Symbol Parameter 


Test Conditions 


Vit Input Low Voltage 


Vin Input High Voltage 
(All except X1 and RES) 


Vint | Input High Voltage (RES) 


VoL Output Low Voltage 


| soma 
ae ee ee 
2} ot __}_ 6 <tour Yeo 

| Toe vonts 


Clock Output High 
Clock Input Low Voltage 


la = 2.5 mA for $0-S2 
tg = 2.0 mA for all other 


OV < Vin < Voc 
0.45V < Vout < Voc 


Input Capacitance 


VO Capacitance 


PIN TIMINGS 


| si Vonts loa = jaa 2eet —___ HA 
06 Volts 
“ee + 1.0 Volts 
pF 
ae ey pF 


A.C. CHARACTERISTICS (Ta = 070°C, Voc = 5V + 10%) 
80166 Timing Requirements All Timings Measured At 1.5 Volts Uniess Otherwise Noted. 


Parameter 


Test Conditions | 


Data in Setup (A/D) 


Data in Hold (A/D) 


TARYHCH| Asynchronous Ready 
(AREADY) active setup 
time’ 


TARYLCL 


AREADY inactive setup 
time 


TCHAAYX| AREADY hoid time 


TSRYCL | Synchronous Ready 
(SREADY) transition setup 


time 


TCLSRY SREADY transition hoid 


time 


THVCL HOLD Setup’ 


TINVCH INTR, NMI, TEST, TIMERIN, 


TINVCL 


“To guarantee recognition at next clock 


A.C. CHARACTERISTICS (Continued) 
80186 Master Interface Timing Responses 


TCLAV 
TCLAX 
TCLAZ 
TCHCZ 


TCHCV 


TLHLL 
TCHLH 
TCHLL 
TLLAX 


ToveTx 
TCVDEX 


TCLHAV 
TRLRH 
TWLWH 
TAVAL 
TCHSV 
TCLSH 
TCLIMV 
TCLRO 
cHOSV 
TCHDX 


| ALE width 


ALE inacl e Delay 


80186-6 (6 MHz) 
I a 


Address Valid Delay 
| Address | Hold 10 
Address Float Delay 


Command Lines Float Delay 


Command Lines Valid Delay 
(after Hoat) 


ALE 


Address Hold to ALE 
Inactive 


Data Valid Delay : 10 ; 
Data 


Controt Active Delay : ‘10 
Conirol Inactive: Delay 10 


DEN Inactive Delay 
(Non- - Write } Cycle) 


Address Float to R ) A ive 0 

AD Active Delay : 10 

RD Inactive Delay = 10 

FID Inactive to Address _ j 

Active TCLCL-40 
HULDA Valid Delay | 10 
‘AD Width "| 2TCLCL-s0 
WR Width 2TCLCL-40 
Address Valid to ALE Low TCLCH- 25 
Status Active Delay _ 10 . 
Status Inactive Delay oa 10 af 


Timer Output Delay 
Reset Defay - 
Queue Status Delay 
Data Hold Time : 


| 


10 
35 Totax | 44 
ope fe 
TCHOL 
TCLCL-35 ; 
44 
; 44 


50 


87 
= ; 
10 «| s87 
10} TCLCH 
TCLCL-50 
10 36| 67 
2TCLCL-50 
2rcict-4o | 
TOLCH-45 | 
to | TCHCL 
10 | Tetcr 
eee 
5 
44 
10 


Parameter 


ns 


ns 


ns 


ns 


ns 


Test Conditions 


Cy, - 20-200 pF all outputs. 


100 pF max 


Chip-Select Active Delay 


Chip-Select Hofd from 
Command Inactive 


Chip- Select Inactive Delay. 


41 


Test Conditions 


A.C. CHARACTERISTICS (Continued) 
60186 CLKIN Requirements 


Symbol Parameter 


60186-3 (8 MHz) 


80186-6 (6 MHz) 


Test Conditions 


TCKIN CLKIN Period 


TCKHL CLKIN Fall Time 

TCKLH CLKIN Rise Time 1.0 to 35 volts 
TCLCK CIKIN Low Time 25 1.5 volts - 
TCHCK CLIN High Time 25 1.5 volts 


3.5 to 1.0 volis 


80186 CLKOUT Timing (200 pF load) 


Symbol Parameter J Min. Min. Test Conditions 
TCICO | CLKIN to CLKOUT Skew 

TcLct | CLKOUT Period : 125 167 

TCLCH | CLKOUT Low Time % TCLCL-7 5 % TCLCL-7.5 1.5 volts 

TcHCL | CLKOUTHigh Time «| TCLCL-7.5] % TCLCL-7.5 1 5 volts 

TCHICH2 | CLKOUT Rise Time f 10 10. 3.5 volts 
TeLect.1 | CLKOUT Fail Time 35 to 1 volts 


All timings measured at 1.5 volts unless otherwise noted. 


Ap 
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WAVEFORMS 
MAJOR CYCLE TIMING 
Vow % % h Ww w 
—Tewce, el TeLICLt / 


a z- 
F, 4 
—_ 


BHE/s,. BH 
Asa!Se- Arg 


WRITE CYCLE 


INTA CYCLE 


SOFTWARE HALT—DEN ~Vox, | 
RD, WA, INTA, DT/A > Voy, B INVALID ADORESS 


5cs, “Tcl | 
wcs ‘ TCHCSX —» — 
ics, 
me ~— ToLcav TEXCSK —> _ 
ONSS1B 44 
cau peel EN e, ey ee eae qyo eo eee fi ier et he ea 


WAVEFORMS (Continued) WAVEFORMS (Continued) 


iAPX 186 = : iAPX 186 


MAJOR CYCLE TIMING (Continued) 


CLxouT 
CLK OUT 
$2.51. 89 ToL =| ToLay 
Ayg/Be-Aig By pam 
ne 16/8 LOCK 
ALE . 
TCHLH 035518 46 


AD, 3-ADy 
READ CYCLE 
RD cLxouT 
se own 
WARLINTA Vou 
DEN 
ms, NMI, 
[sid Test 
INTO-3 
tes, TIMERIN 
035516-45 095818 47 
NOTES 
1 Following a Write cycle, the Loca! Bus is floated by the 60166 only when the 
80186 enters a Hold Acknowledge” siste. 
2 INTA occurs one clock later in RMX-mode 
3° Status inactive just prior to T, 
CLKOUT 
TCHOSV 
QS0, QSt 
03551848 


44 a5 
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WAVEFORMS (Continued) 


HOLD-HLDA TIMING 


t % t 


CLKOUT 


TARYHCH —— +— TCHARYX 


ARDY \ 


TARYLCL 


035518-49 


CLKOUT 


SADY 


CLKOUT 


AD1S-AD0 


BEA 


A1WS6-A18/S3, 
AB, WA. 


$2-So 635518 5t 


46 


CLIN 


CLKOUT 


TINVCH 


TIMERIN: 


WAVEFORMS (Continued) 


TIMER ON 60186 
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TCH2CH1 


(0055 18-52 


TCLIMY |< 


TIMEROUT 


2-6 CLOCKS 
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80186 INSTRUCTION TIMINGS 


The following instruction timings represent the mini- 
mum execution time in clock cycles for each instruc- 
tion. The timings given are based on the following 
assumptions: 


© The opcode, along with any data or displacement 
required for execution of a particular instruction, 
has been prefetched and resides in the queue at 
the time it is needed. 

® No wait states or bus HOLDS occur. 


¢ All word-data is located on even-address 
boundaries. 


All jumps and calls include the time required to fetch 
the opcode of the next instruction at the destination 
address. 


All instructions which involve memory reference can 
require one (and in some cases, two) additional 
clocks above the minimum timings shown. This is 
due to the asynchronous nature of the handshake 
between the BIU and the Execution unit. 
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FUNCTION 


DATA TRANSFER 
‘MOV = Move 
Register to Register Memory 


Regrster memory to register 
Immediate to register memory 
Immediate to register 


t 
Memory to accumutator 


Accumulator ta memory 


Register memory 10 segment register 
Segment ragiste: to regrster memory 


PUSH = Pwah: 
Memory 


Register 
Segment register 
immedirte 


PUSHA = Push All 
POP = Pop: 
Memary 

Register 

Segment regester 


POPA = Pop All 

XCHG = Exchange: 
Regrster: memory with register 
Register with accumutator 
1 = bagel trem: 

Frued port 

Varatle port 

OUT = Ovtpet te: 

Fixed port 

Vanable port 

ALAT + Translate byte to AL 
LEA = Load EA to register 
LDS = Load comter to 0S. 
LES = Load porter to ES 
UAHE ~ Load AH with flags. 
SAHF © Slore AH into Nags 
PUSH = Push Mags. 

POPE ~ Pop Nags 


Shaded areas indicate instructions not available iniAPX 86, 88 microsystems. 


INSTRUCTION SET SUMMARY 


Comments 


1000100w 
100010tw 


° 
° 
° 
al- 
* 


Otiw 


mod000 10 | aa] 


a 
5 
Ss 


TOTOODOw addi-low 


ooortio 
2001100 


moddreg cm 


OO rg ito 
1101080 


1100000 


mod000 sm 


OO tt1 {reg = OT) 


1100001 


= r= os 3] ol [= = SITV= 
"5 2 
- ° 
= ° 
~ e 
- ® 


O00011w 


oootto} 
1000101 
1000100 


10011100 


All mnemonics copyright of Intel Corp 1983. 


addr-nigh 


(mog * (1) 
{mod © 11) 


eeritnw 


@e@own 


8/16-bit 
8/16-dit 
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FUNCTION 


ARITHMETIC 

ADD = Ade: 

Reg memory with register to ether 
Immediate to register memory 
immediate to accumulator 

ADC = Add.with carry: 
Rep-memory with register to ether 
Immediate to registes- memory 
Immediate lo accumulator 

INC = increment: 

Register memory 

Register 


‘SUB = Subtract: 
Reg memory and register to either 


Inmedsate trom register memory 
Immediate from accumutator 


‘SBS = Subtract with berrew” 
Req memory and register to ether 


Immediate Irom register memory 
Immediate from accumuiator 


DEC = Decrement: 
Regrster memory 


Regrster 


CoP = Compare: 

Register memory with register 
Register with repster memory 
Immediate with register. memory 
tmmedrate with accumulator 

WEG = Change sign 

AAA - ASCII achust for aad 

DAA - Oecimal adjust for add 
BAS ~ ASCII adjust for subtract 
‘DAS = Decimal adjust for sublract 


MAUL = Multipty (unsigned) 
Regrster-Byte 
Register-Word 
Memory-Byte 
Memory-Word 


MAUL = Integer mumpty (signed) 
Register Byte 

Register. Word 

Memory-Byte 

Memory-Word 


RUL = Integer mmeckate tnuthpty 
(signed) 


Div = Divide (unsignedt 
Register-Byte 

Register Word 
Memory-Byle 
Memory-Wotd 


INSTRUCTION SET SUMMARY (Continued) 


Qooodddw 
OO000sw] modo00 rm 
Oo00TO0w 


7 


OO1oOdw 
0000s w 
Dorotow 


modreg ¢m 
mod010 rm 


[gataisw-or | dsw- OT 


2 


1000 reg 


G10100w 
eo0cGs w 
010110 


: 


titdw 
GoC0ds w 
O01110w 


f-) r=) 
2 
° 


Tttitiw mod0d1 rm 
1001 «eg 


O1t10ow 
Oo000sw 


010011) 


Pst Os1 wl modi00 rm 


Shaded areas indicate instructions not available niAPX 86, 8B microsystems 


Ait mnemonics copynghi of Intel Corp 1983 
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B/16-bit 


8/16-bit 


8/16-oit 


BN6-bit 


8/16-bit 
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INSTRUCTION SET SUMMARY (Continued) 
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INSTRUCTION SET SUMMARY (Continued) 


Clock 
FUNCTION FORMAT Cycles Comments FUNCTION FORMAT 
ANITHMETIC (Continued): ‘STRING MANIPULATION (Continued) 

Repealed by count in CX 
ete 44-82 ng gel ue 
egister. 

Register Word 53-61 CMPS - Compare strong 
Memory: Byte 50-58 SCAS - Scan string 
Memory: Word 59-67 


AAD ~ ASCII adjust for divide [p.OTO10tJoOoO0'O10 15 


CBW - Convert byte to ward 


= Load string 
> Stare string 


CWO ~ Convert word to double word 10015001 4 
Logic . : 
Shitt Rotate Ingtrections. 
Register'Memory by 1 1t01000W 25 CONTROL TRANSFER 
Register Mamary by Ct [vot oot w] mod tim CALL = Cait : 
: : = ~ rere [arma] 
Agistrtherory by Gourd —— [mod Vite [oat FT) S+nvt7+n ' Direct within segment tTTHOF000T  aisp-low | 
Register memory [ostittt] mosdiorm ] 
™ indirect within segment 
000 AOL Direct intersegment TOO1TO'OT] —_Segmentoffser | 
oa. ROR 
g1d ACL 
011 ACA 
100 SHL SAL 
101 SHR 
ver SAR Inde ntersegment tod + 1 
AND = And IMP = Uncentitienal jump: 
Aeg memory and register to either OO1000dw] modteg im | 3/10 Short tong 
Immediate to register‘memary 1000000 w{ modto0 rm data dataitw=t 4116 Dreect within segment 
Immediate to accumutator foorootG. data datadw=t | 3/4 8/16-bit Register memory induect within segmenif? 17 11 1t 17 modtoo~m } 
TENT = hd tneen tage torent Dwect segment 
Register memory and register 1000010w] modreg im | 3/10 
Immediate dataand regatermemory [1 111911 «] mogod0 1m [dae aatadwrt 4a 
Immediate data and accumutator 1orordow] data drtadw-t | : 44 8/16-bit 
indirect intersegment (mod + 1) 
OR Or 
Req memory and register to erther O 0001 0d wi madreg tm | 10 


Immedhate to register memory RET = Aetern irom CALL. 
Within segment 
‘Within seg adding immed to SP 


lntersegment 


[reco too w] mod001 +m data dataiw-t ] 4116 


fo d001 10 wf faa_|datatw-1 | 3/4 8/16-bit 
[oor tood w] modreg rm | ano 


[Foon 000 wf modtt0 om] Gia dvatw-t 46 

foorrotdw] fa] datatw-1 3/4 8/16-bit 
3 

{so:o010 «| 


1190001 
141000010 data-tow Gata-high 


Immediate to accumulator 


XOR = Exttestys or, 
Reg memory and register to either 


intersegment adding immediate to SP 
Immediate to register memory 


Immediate to accumulator 


Shaded areas indicate instructions not available iniAPX 66, 88 microsystems. . 
WOT - Invert regestermemory . 


STRING MANIPULATION: 
MOVS - Move byte word Soroo10w 6+8n 
CMPS ~ Compare byte word 
SCAS -- Scan byte word 

LODS = 1 oad byte wa to AL AX 
STOS ~ Stor byte wd trom ALA 
3 ~ input byte-wd trom OX port 


OUTS ~ Output byte-wd to OX port 7 


Shaded areas indicate instructions not available in APX 86, 88 microsystems. 


All innemonics copyright of Intel Com 1989 All mnemonics copynght of Intel Corp 1983 


1APX 186 


JAPX 186 


INSTRUCTION SET SUMMARY (Continued) 


CONTADL TRANSFER (Continucd): 
SEAL + arg on coun 20-0 Orms1dt0d 
BUINGCE « dang or eis vol great oF rou 
DLE ING = Jong on tess oF tous 90 greater 
FRLINAE © dong on detow rol move oF equa! yisoord 
FREI = Jang on beta or ren rt hoe 
JP: SPE ~ arg on party cay ever 

30 ~ baryon 1119000 
dB + erg sen 1113000 
RE, IAT = Jorg on ot equa Ot eo 
SIRE = narg rt ess reer oF eo! qEtviad 
SALES = Jargon rol less or rus greater Vereted 
SMUVARE « dare on rol eon Boe ot eeu 
SME IA = Jorg rot bev oF saul stove 
$80 PO = bere on nat gat par 008 

IMO = berg rool erin O1i1t90071 
IMS = Wp ral san 
LOOP ~ Loop Cx tenes, t100G10 
LOOPZLOOPE = Loop whee re enya s1000071 
LOOPHIAGOPHE - Lop wrertirorux [1 110000 0 
ICXZ = Sep ro 


13 if IMP. 
taken 

4 if IMP 

not taken 


1 


JMP taken/ 
JMP not taken 


ENTER ~ Ener Pracedore wher 
a0 
tet 
Lot 
LEAE @ Leave Procedure 10901001 


a Std <r Sa ee 


AMT = teterrept: 

Type specihed 11001101 

Tyoed 11001100 if INT. taken/ 

WTO = Interrupt on overtiow if INT. not 
taken 


RET = Interrupt retuen 
daeei=dewctemsetetringe. (ETEP CCL S) aay cw } 


Shaded areas indicate instructions not available iniAPX 86, 88 microsystems. 


All mnemonics copynght of Intel Corp 1963, 


INSTRUCTION SET SUMMARY (Continued) 


FUNCTION FORMAT 


Comments 


PROCESSOR CONTROL 
CLE - Clear carry 


CMC - Complement carry 
STC ~ Set carry 

CLD - Clear direction 
SD - Set direction 

CU - Clear rnterrupt 

STI - Set interrupt 

HRT ~ Hatt 

WAIT - Wart 

LOCK - Bus fock prefx 1110006 


ESC Processor Extension Escape 1OO1TTTIT mod LLL rm 
(TTT EL ate opcode to processor extension) 


if test - 0 


MNOANNN ANNAN 


FOOTNOTES 


The effective Address (EA) of the memory operand is REG is assigned according to the following table: 
computed according to the mod and r/m fields: 16-BIt(w = 1) 8-Bit(w = 0) 


ifmod = 11 thenr/mis treated as aREG field 000 AX 000 AL 
ifmod = 00 then DISP = 0°, disp-low and disp-high 001 CX 001 CL 
are absent 010 DX 010 DL 
ifmod = Of then DISP = disp-low sign-extended to 011 BX 011 BL 
16-bits, disp-high is absent 100 SP 100 AH 
ifmod = 10 then DISP = disp-high: disp-low 101 BP 101 CH 

110 SI 110 DH 
ifrim = 000 then EA = (BX) 4 (SI) + DISP 111 D1 111 BH 


ifr/m = 001 then EA = (BX) + (D!) + DISP 
ifr/m = 010 then EA = (BP) + (SI} + DISP 
ifr/m = 011 then EA = (BP) + (Dl) + DISP 
ifr/m = 100 then EA = (SI) + DISP 

ifm = 101 then EA = (D1) + DISP 

ifr/m = 110 then EA = (BP) + DISP* 

ift/m = 111 then EA = (BX) + DISP 

OItSP follows 2nd byte of instruction (before data if 


i 


The physical addresses of all operands addressed by 
the BP register are computed using the SS segment 
register. The physical addresses of the destination op- 
erands of the string primitive operations (those ad- 
dressed by the DI register) are computed using the ES 
segment, which may not be overridden. 


tt 


il 


required) 
“except ifmod - OO andrim - 110 then EA = disp-high: disp-tow. 
SEGMENT OVERRIDE PREFIX 


reg is assigned according to the following: 


Segment 
teg Register 
00 ES 
01 cs 
10 ss 
" DS | 


53 


1 
16 Bit Slaves, 111 


2 
256 Kbyte/1 Megabyte Dynamic RAM/Controller, 14 
2K/4K/8K EPROM, 14 


T 

74LS670 —- Memory Management Unit, 127 
8 

80186 CPU - 16-BIT Microprocessor, 127 
8259A - Interrupt Controller, 127 


8531 ASCC - Serial Controller, 127 
8536 CIO - Parallel Port Controller, 127 


A 

Address Bus, 18 
APPENDIX A, 127 
Automatic Logon, 117 


B 
Batch Processing, 120 
Baud Rate Clock Generator, 7 


Cc 

CENTRONICS PRINTER, 83 

CLOCK (Clock), 25 

CLOCK GENERATOR, 16 

Control Input Bus, 21 

Control Output Bus, 23 

Control Register Bit Assignments, 125 
Control Registers, 124 

CPSSLV16.GEN, 112 

CPSSLV16.PAR, 112 

CPZ-186 MASTER MULTI-USER SYSTEM CHANGES, 107 
CRT TERMINAL SET-UP INSTRUCTIONS, 102 


D 

Description, 53 

DMA Channel Assignments, 10 
DMA Control Bus, 24 

DMA Controller, 9 

DMA Operations, 10 


E 
ERROR* (Error), 26 


F 

FDC Wait Register (Port 308 Hex), 125 
FLOPPY DISK CONTROLLER, 70 

Floppy Disk Controller (FDC), 9 

Floppy Disk Controller Assignment, 124 
FLOPPY DRIVE JUMPER OPTIONS, 40 


FUNCTIONAL DESCRIPTION, 5 


H 

HARD DISK COMPATABILITY GUIDE, 103 
Hardware Modifications, 109 
Hardware Setup Instructions, 28 
HOLD* (DMA Request), 22 


I 

I/O Chip Selects, 15 

I/O Port Address Assignments, 124 
Input Data Bus, 18 

Input/Output Structure, 5 

INT* (Maskable Int. Req.), 21 

’ Interrupt Control Logic, 11 

Interrupt Controller Assignments, 124 
Interrupt Controller/Select, 11 
INTRODUCTION, 2, 46 


J 

JA - FDC Data Separator Calibrate, 29 
JB - Interrupt Source Select, 29 
JUMPER OPTIONS, 29 


L 
LONG DISTANCE SERIAL COMMUNICATIONS, 66 


M 

MANUFACTURER SPECIFIED LINES, 27 
Master Batching, 122 

MD1010 & MD1013 JUMPER OPTIONS, 104 
MD1013/1016 Drive List, 105 

Memory Management Registers, 124 
MEMORY MANAGEMENT UNIT, 13 
MITSUBISHI 2894-63 (FULL HEIGHT), 44 
MITSUBISHI M2896-63 (HALF HEIGHT), 43 
Mixing 8 And 16 Bit Slaves, 115 


N 
NMI* (Non-maskable Int. Req.), 22 
O 


O (System Clock), 25 
Off-Board I/0 Controllers, 6 


On-board Functions Register (Port 308 Hex), 125 


ON-BOARD I/O CONTROLLERS, 9 

One Megabyte 16 Bit Slaves, 113 
OPERATING INSTRUCTIONS, 28 
Output Data Bus, 18 


P 

Parallel I/0 Port Control Interface, 8 
Parallel Port A and B Assignment, 124 
PARALLEL PORT INTERFACE, 103 

PCHAIN (Interrupt Priority), 27 


pDBIN (Read Strobe), 23 

PERSONALITY BOARD — CLOCK/CALENDAR, 99 
Personality Board Interconnection Instructions, 48 
PERSONALITY BOARD USERS GUIDE, 46 

PHLDA (Hold Acknowledge), 24 

PJA — SCC Port A Clock Source Select, 32 

PJB - SCC Port B Clock Source Select, 32 

PJC - 256 x 1 DRAM Enable, 33 

PJD = 256/512/1024 K Select, 34 


PJE — SCC or CIO DMA1 Select, 34 
PJF ~—- 512 KByte Memory Select, 35 
PJG - 1 Meg Memory Select, 35 

PJH - Interrupt Priority Chain, 36 


PJJ ~ 2K/4K/8K EPROM Select, 36 
PJK — Connect 80186 Refresh to Bus, 38 
PJL — Write Signal Timing, 38 
PJM -— Read Signal Timing, 39 
POC* (Power-on Clear), 26 
POWER-ON CLEAR/RESET LOGIC, 15 
PRIAM INTELLIGENT HARD DISK, 86 
pSTVAL* (Status Valid), 23 
pSYNC (Cycle Start), 23 

pWR* (Write Strobe), 24 
PWRFAIL* (Power Failure), 26 


Q 
QUME DATATRACK 8, 41 


R 

RDY (Slave Ready), 21 

Reserved Lines, 27 

RFSH* (Refresh), 27 

RS232/FULL MODEM, 59 

RS232/NO MODEM, 54 

RS422 SERIAL COMMUNICATIONS, 62 


NS} 

5-100 BUS CONTROL SIGNALS GENERATOR, 16 
S-100 Bus I/O Address Space, 125 

S-100 Bus Interface, 17 

S100 BUS, 104 

SEIMENS FDD100-—8D, 44 

Serial I/O Controller, 6 

Serial I/O Port Control, 6 

Serial Port A and B Assignments, 124 
SHLTA (Halt Acknowledge), 20 

SHUGART ASSOCIATES SYSTEM INTERFACE, 92 
SHUGART MODEL 800/801, 40 

_SHUGART MODEL 850/851, 41 

sINP (Input), 19 

sINTA (Interrupt Acknowledge), 20 
-SIXTN* (Sixteen Acknowledge), 22 

SLAVE CLR* (Slave Clear), 26 

sM1 (Opcode Fetch), 19 

sMEMR (Memory Read), 19 


Software Modifications, 107 
SOFTWARE SECTION, 106 
SOLDER/TRACE CUT OPTIONS, 31 

sOUT (Output), 20 

SPECIAL-CHIPS DATA SHEETS, 127 
Specifications, 3 

Status Bus, 19 

swO* (Write Cycle), 20 

sXTRQ* (16=-Bit Data Transfer), 20 
System Power, 26 


T 

- TANDON TM100-2 (5 1/4". drive), 
TANDON TM848-1, 42 

TANDON TM848- ~2E, 45 

Technical Features, 2 


U 
Utility Bus, 25 


Af 
Vector Interrupt Bus, 25 


W 


WARRANTY, 126 
WD2793 - Floppy Disk Controller, 127 


x 
XRDY (Special Ready), 21 


Intercontinental Micro 
RPB-200 Application Note 
- 12-22-86 


1) RPB-200 used as a modem: 


A) Move 2x5 Dip shunt to side marked modem (near edge of 
card). 


B) Move 2 pin shunt from second left position to first tee 
position (nearest resistor): 


Oo 0 0 0 0 O 
| . 
0 0000 0 
C) On the DB=-25 connector, pins are defined as follows: 


- Transmit Data (to modem) 

- Receive Data (from modem) 

~ Request to send (to modem) 

- Clear to send (from moden) 

~ Data Set ready (from modem) 

- Ground 

- Data Carrier detect (from modem) 

15=- Transmit clock (from modem; jumper required) 
17=- Receive Clock (from modem; jumper required) 
20= Data Terminal Ready (to modem) 

22= Ring (from modem) 


2 
3 
4 
5 
6 
7 


2) RPB~200 handshaking configuration: 


At default, the RPB-200 handshaking is disabled to be 
compatable with terminals. When using the Clear to Send 
| option on printers, the following pin options arc Avaliable: 


0 
fa) 


DB-25 pin ==> 5 


¢ 


orMtTPnHEAR C—O 


InterContinental Microsystems 

4020 Leaverton Ct., Anaheim, CA 92807 
Phone: (714) 630-0964 

Telex: 821375 SUPPORT UD 

FAX: (714) 630-4811 

Easylink 62562040 BBX (714)632-8750 


TurboLAN Networking 


Optional Peripheral 


Can be shared by all users. 


ACTIVE OR PASSIVE 
ARCNET HUB 


Coax Cable 
Arcnet link 


CPZ - Master Processor - 8-Bit (16-Bit) 
CPS - Slave Processor - 8-Bit or 16-Bit 
WS-80 - 8-Bit Workstation 

WS-286 - 16-Bit Workstation 

CCB-100 Real Time Clock 

XXX-100 - Personality Boards 

LAN-PC - PC Arcnet 

LANS-100 - $100 Bus Arcnet Board 


InterContinental 

— bridging yesterday's, today's and tomorrow's 
technologies for more connectivity. 

Our breakthroughs provide more solutions, for 
network power applications. 


INTERFACE 


